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PRBPARA1XOV OP THIS DOCDM0T 



In the past, FAO has produced several manuals dealing separately with the various 
aspects and methods of conducting surveys of marine fish stocks. The purpose of this 
manual is to provide a concise and comprehensive overview of the objectives that can be 
achieved by surveys and the methods available for conducting them, along with advice on 
how to mate the necessary choices among alternative objectives and methods and how to 
plan and conduct an effective survey according to the circumstances of each case. 

This manual was prepared by Mr. A. Saville of the Marine Laboratory, Aberdeen, in 
consultation with the staff of the Fishery Resources and Environment Division of FAO and 
with the collaboration of the Contributors listed in the Introduction. 
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1* IHTRODUCTION 

Sinoe the end of the Second World War there has been great interest in assessing the 
potential food resources whioh can be harvested from the oceans. This interest has 
stemmed from two sources: the depletion of traditional fishing grounds, whioh have been 
over-exploited by the long established and highly efficient fishing industries of the 
developed countries, and the interest of nations with less developed fishing industries in 
increasing their harvest of protein foods from seas adjacent to their coastlines* This 
Interest is likely to receive an increased impetus in the immediate future from develop- 
ments in the Law of the Sea as nations attempt to obtain more precise assessments of the 
total marine resources available within their extended zones of exclusive fisheries 
jurisdiction* 

As a result of these pressures there have been, in the last thirty years, a large 
number of surveys carried out in the oceans of the world, to assess what new resources are 
available for exploitation, and whioh of the known resources are capable of providing 
greater yields by expanding the areas being fished. Such surveys have been carried out by 
a variety of national and international agencies and PAD has frequently had a hand in 
initiating, conducting and reporting on such surveys over a wide range of marine areas* 

Such resource surveys, however, can be difficult to interpret and apply in e.g. 
development planning, and indeed even misleading unless the objectives they set out to 
achieve are clearly defined, are realistic in relation to the manpower and equipment 
available to carry them out* Moreover, the subsequent planning, and implementation of the 
plan, must be geared to achieving these objectives. The realization that many of the 
surveys whioh have been done in the past achieved little in relation to what could poten- 
tially have been gained, stimulated MLO to publish a series of manuals on resource surveys 
(Alverson 1971, feokstt 1973, Oulland 1975) whioh have set out ways of improving the 
quality of the data obtained from such surveys* However, there have been major advances 
in fisheries science sinoe the earlier of these manuals was written, and accordingly it 
was decided, in 1976, that they should be updated and incorporated into a single volume 
covering all the major aspects of resource surveys* The present manual owes much to these 
earlier authors and indeed is a revision of their work rather than a completely fresh 
approach to the subject* 

1,1 Survey Objectives 

The objectives of a fishery resource survey will to a large extent depend on the stage 
of development of the fisheries in the area under consideration and the current state of 
knowledge of the resources these fisheries are exploiting* Basically such a survey can 
provide information on any of the following items, though rarely will it be possible to get 
useful information on all the items from the same surveys 

what species of fish are available in the area; 

what is their distribution within the area and how does it vary seasonally and 

spatially; 
(o) what catch rate (i.e. catch per boat per unit time period) can be achieved and how 

this varies seasonally and over the area; 
fd) what is the sise of the resource, and of that part of it whioh is exploitable; 

(e) what fishing techniques are best suited to catching the resource; 

(f) what is the anticipated annual sustainable yield* 

The nature of the survey will be determined by whioh questions most urgently need to 
be answered, sinoe the answers to some questions will require a survey design different 
from that required by others. Bo single survey design can provide all the answers* Thus 
the first stage in designing a survey is to identify its objectives clearly. 
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The relative importance of each kind of information will be largely dependent on the 
stage of development reached by the fishing industry at the time the survey is carried out* 
In an area where the resources are unexploited or at a low level of exploitation the first 
priority will probably be providing information on the species available 9 their areal and 
seasonal distribution! the likely catch rates, and what methods are most appropriate to 
oatohing them, with a view to stimulating the investment necessary to start , or expand the 
area of operation of 9 a fishery* At this stage a rough indication of the likely sustainable 
yield will also be useful as a guide to whether further study or increased investment in the 
fishery is likely to be justified* As development proceeds, the objective will increasingly 
be directed to more refined assessments of the sice of the resource , the sustainable yield 
from it y and the optimum management strategy so as to set the scale, and direction, of future 
investment in, and development of, the industry and in particular to ensure that investment 
does not unwittingly exceed the level that the resource can sustain* This has happened all 
too frequently in the past in many parts of the world and the difficulties of subsequently 
correcting it are apparent in the depleted state of many of the major world marine resources* 

In this manual we are concerned only with surveys which are aimed at achieving the 
objectives listed above, that is with what Alverson (1971) called "Exploratory fishing 
surveys" and Oulland (1975) i more appropriately, termed "Resource appraisal surveys"* In 
fisheries science there are other possible survey objectives, such as monitoring annual or 
longer term changes in the size or composition of stocks or assessing the relative effi- 
ciencies of modified fishing gears. These, however, an normally the concern of highly 
developed fisheries whereas we are primarily concerned with stimulating the development of 
fisheries on latent or under-utilized resources* 

If a resource appraisal survey is to continue over several years, however, at the same 
time as a commercial fishery is developing, the results of the survey can also be used to 
provide some monitoring of the effect of the fishery on the stock* 

In the initial planning stage it is vital that the primary objectives should be clearly 
defined, and that these should be related to the current status of the fisheries in the 
area, to the aspirations of the government or of the industry for future expansion, and above 
all to the resources available to oarry out the survey* These objectives are likely to be 
largely defined by the government, or other agency, which is financing the survey. But the 
scientist responsible for carrying it out should be fully consulted at an early stage to 
ensure that they are realistic, both in relation to the likely future requirements of the 
industry as it develops, and to the resources at his disposal for achieving them* 

Resource surveys are inevitably costly to mount and those paying this cost are 
entitled to expect reliable outputs of information which will be of practical value in 
guiding their future investment and management strategy* It frequently happens that in 
survey planning highly desirable, but secondary, objectives are allowed to encroach on the 
resources of time, manpower and equipment available, to the extent that the main objectives 
become submerged and insufficient effort is devoted to any single objective to achieve re- 
sults which are sufficiently valid to be practically useful* A survey with a multiplicity 
of objectives is unlikely to achieve other than roguhly indicative results from any of 
them* It is therefore essential at the initial planning stage to define the parameters 
which are to be measured and set them in order of priority* 

1*2 Organi&ation of this Manual 

Whilst surveys must be planned and organised in accordance with their objectives* in a 
manual such as this it is more practicable and oohvenient to discuss the methods and 
procedures available in separate chapters. The reader can then deoide whiok method or 
combination of methods is most suitable for achieving his objectives, bearing in mind the 
resources which are available to the survey which he is conducting* 

The following chapters deal witht 
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Erploratory Fishing Surveys, from the initial planning stage to the details of their 
implementation; 

Aooustio Surveys, at various levels of sophistication of equipment; 

Indirect Methods of Forecasting Potential Yields from Fisheries, using measures of 
basic productivity, egg and larval surveys, or stomach contents of higher trophic animals; 

Data Collection and Recording, a vital element in the subsequent interpretation and 
reporting of the results of any survey; 

Data Analysis and Reporting, which is the culmination of all the preceding survey 
activities but for which the outputs are only as good as the initial inputs to it from them. 

Conclusions and General Considerations on Choice of Survey Methods, including advice 
on the definition of survey objectives and choice of methods in light of the information 
presented in the previous chapters* 

I should like to express my great gratitude to Mr. At Oorten, Ijmuiden, for preparing 
the first draft of Chapter 2, Professor R.E. Thome, Seattle, of Chapter 3, Dr. 0, Dragesund, 
Bergen, of Chapter 4, and Mr* W.B. Hall, Aberdeen, of Chapter 5, 
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2. EXPLORATORY PISHING SURVEY'S 

2.1 Exploratory fishing Surveys and Related Types of Surveys 

The term "exploratory fishing survey" is generally used for the investigation of 
grounds which have not previously been fished , in order to describe what species of fish 
are available for capture, to estimate the absolute abundance of the stocks 9 to make a 
first estimate of their potential yield and to provide a preliminary rough estimate of the 
likely oatoh per boat* Once a fishing industry has been developed in the area there may 
still be a need for fishing surveys by research vessels in order to monitor changes in the 
stock abundance under the impact of fishing, or to estimate the strength of recruiting 
year-classes to the fishery as the basis for subsequent management* A fairly wide range of 
different research vessel activities have been loosely defined under the heading exploratory 
fishing surveys* These include the following categories: 

1) Fisheries scouting! the use of survey vessels to locate concentrations of commercial 
fish and pass on the information to the commercial fishing fleet. 

2) Experimental fishing: activities aimed at designing the best type of equipment and 
the best fishing strategy for increasing the efficiency of a particular fishery* 

3) Prospecting surveys: aimed at providing estimates of the likely catch rates in the 
area using a particular type of vessel and gear* 

4) Resource appraisal surveys: designed to provide information on what species are 
available to a fishery and first estimates of their abundance y distribution, and the 
size of the potential annual yield. 

5) Resource monitoring surveys: aimed at studying year to year and longer term changes 
in the abundance and distribution of the stocks* 

In this chapter we are primarily concerned with category 4 - Resource appraisal 
surveys but the data collected on such surveys can frequently be used to monitor changes 
in abundance and distribution* 

The basic difference between resource appraisal surveys and resource monitoring 
surveys is that in the former absolute estimates of the resources are required* In an 
exploited stock in contrast, it is often sufficient to monitor relative changes in 
abundance from one year to another* Fish abundance can be expressed in numbers caught 
per hour fishing with a standard gear, and these values are compared to the long term 
mean* These surveys are generally carried out on a routine basis at the same time each 
year* 

Although there are differences in objectives between resource appraisal surveys and 
resource monitoring surveys, in practice they are very similar in methodology* The methods 
described in this chapter apply equally to both types of surveys, and no further distinc- 
tion between the two will be made* 

2*2 Defining the Survey Objectives 

Survey objectives will generally be specified to a large extent in the terms of 
reference of the project* The administrators who have commissioned the project will state 
which area should be covered by the survey, and frequently what species of fish they are 
interested in* The primary aim will be to investigate the distribution pattern of the 
species concerned, and to estimate its abundance over the whole area in absolute terms. 
In a new area, a first estimate of the potential annual production can be derived from an 
estimate of the virgin stock biomass: 
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I 0.5 M B Q (Oulland, 1975) 
in which Y - maximum sustainable yield 

B - unexploited standing stock biomass 
M - natural mortality coefficient 

Another objective will be to collect biological data on the species that we are 
dealing with. These data are used in separating different unit stocks, following migration 
of the fish, studying their reproductive cycle, and making nore refined stock assessments by 
using information on age structure , growth and mortality rates. Types of data required are: 
age determinations | length and weight, maturity stage, fat content, parasites, meristic 
characters, etc. It may also be possible to conduct plankton sampling for eggs and larvae 
during the same survey* 

A third objective may be the collection of environmental data* These may be of value 
in investigating the relationship between fish distribution and certain environmental 
parameters such as salinity, temperature, nutrient content, turbidity, plankton abundance, 
etc* 

Although such data may be of value if a clear relationship can be established between 
them and fish distribution and abundance, they pose the risk that too much of the available 
time is spent on them, at the cost of the major objective* Sometimes, the objectives speci- 
fied in the terms of reference are far too extensive in comparison with the amount of vessel 
time and manpower available* In such cases, it is necessary to set priorities among the 
various objectives in the following way: 

1) Estimating the abundance and distribution of the species over the whole survey area* 
This requires that much attention should be given to the selection and testing of an 
appropriate sampling gear* Moreover, the available vessel time should be used to 
make as large a number of hauls as possible (see paragraphs 2*4 - 2*6)* 

2) Biological data collection* This is a valuable by-product of the survey, as long as it 
does not affect the number of hauls made* Biological data collected at sea are a use- 
ful supplement to sampling of commercial landings* In general, however, where possible 
most of these data should be derived from commercial landings, since these provide a 
much more constant and cheaper source of samples than research vessel surveys* It must 
be remembered however that commercial fishermen take a selected and biased sample of 
the population because of the gear they use and times and places they use it* Research 
vessel samples may be helpful to identify at least the second part of this bias and 
correct for it, though the gear selectivity is likely to be the same for both types of 
vessel* 

3) Environmental data collection* This is a subject which is frequently given too much 
attention* Such data should only be collected if there is a clear indication that in 
this survey area, or other comparable areas, fish distribution is affected by an 
easily measurable hydro graphic parameter* Such data should be collected only if the 
use to which it will be put is clearly defined* 

In general, it is important not to "overload" the survey programme. One should not 
collect data unless one knows in advance what they are going to be used for* If the terms 
of reference of the project are of a rather general nature ("Survey of pelagic fish 
resources"), it may be useful to refine the objectives to one or two species, after some 
preliminary surveys* In small projects, care should be taken not to dissipate too much 
energy on a large variety of different species which require different survey strategies or 
fishing gears* 
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2.3 Area and Timing of the Survey 

The survey area is generally indicated in broad outline in the terns of reference of 
the project. However, it is often advisable not to spread sampling effort evenly throughout 
the whole area, but to concentrate sampling in areas of high fish density (see section 2.6). 
Prior information on the distribution of flah may be obtained from reports of earlier surveys 
in the same area or in neighbouring waters. Local fishermen can sometimes provide infor- 
mation on typical fish distribution patterns and all sources of information on likely fish 
distribution should be used in designing the initial sampling scheme. If sufficient infor- 
mation cannot be obtained from existing sources, it may be worthwhile to make a preliminary 
survey in order to identify the most promising parts of the survey area. This initial 
sampling programme should subsequently be modified if necessary in the light of newly 
acquired data from survey results to increase the efficiency of future surveys. 

Fishing surveys for resource appraisal are generally part of a special project, which 
may cover a period of a few months up to several years. If a certain amount of vessel time 
is available f one has to choose between making a small number of extensive surveys , or a 
larger number of more limited surveys. This choice depends on the expected distribution 
pattern of the fish. Fish with a fairly constant distribution pattern, but with large 
differences in abundance between various bottom types , need extensive surveys with a low 
frequency. On the other hand, some species, particularly pelagic ones, may show great 
differences in local abundance over short periods of time,, due to seasonal migrations. In 
such oases | more frequent surveys are required, and the number of hauls per survey may have 
to be reduced. Indeed, if there is reason to suspect there might be significant year-to- 
year changes in distribution or abundance, it is essential to spread the survey work over 
several years. Otherwise a decision to invest or not to invest might be taken on the basis 
of what turned out to be an unusual year. 

2.4 Precision and Accuracy of the Survey Estimate 

The outcome of a resource survey may contain two types of errors: random and system- 
atic ones. The random errors will be due to the variance between individual hauls. If 
the individual hauls have a high variance, the estimated mean number per haul will have a 
correspondingly high standard error. In that case, the estimate has a low precision. If 
the survey was carried out by identical ships over the same time period, we would probably 
arrive at considerably different mean values for each of these surveys. As we shall see 
later in this chapter, the precision of the survey can be improved by increasing the number 
of hauls and/or by concentrating the sampling in areas of high fish density (stratified 
sampling). 

However, even with a very large number of hauls, and thus a high degree of precision, 
the survey estimate may still be quite different from the true value. In this case if the 
survey was repeated a number of times, the results would be very similar, but always 
different from the true value by the same amount. This is because a systematic error of 
bias is affecting the accuracy of the survey estimate. Systematic errors may result from 
such factors as a wrong type of sampling gear, from diurnal changes in the behaviour of 
the fish or from the common tendency of a ship's oaptain, if not controlled, to shoot his 
gear when he sees echo traces rather than at predetermined randomly selected positions. 
The catches then come from a density of fish that is higher than that for the survey area 
as a whole. 

There is no way to measure the extent of systematic errors from the survey results 
themselves. All one can do is to try and avoid as far as possible systematic errors by 
making sure the gear is fishing properly and the distribution of the hauls is truly random. 
The accuracy of the survey results can only be checked by comparing them with stock 
estimates from a completely different source, e.g. acoustic or egg or larval surveys or 
tagging experiments. 
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The precision of the survey estimate on the otter hand, oan be calculated directly 
from the variance of the individual hauls. This will be treated in the next eeotion. An 
estimate of the preoieion is very useful for administrators who are going to apply the 
remits of the survey. If the precision of the survey estimate is below their minimum 
requirements this would demand an increase in the sampling intensity on subsequent surveys* 

2.5 Confidence Limits of the Survey Estimate 

In dealing with trawl surveys, the biologist often comes across statistical problems 
that may be new to him. Two examples of these are the following questions! 



*) Holr Pf* *** i* *h* survey estimate? For instance, if a survey of, say 50 hauls, in a 
certain area gives a mean catch of 500 fish per hour fishing how different is this 
likely to be from the true population mean (that is the mean of an infinite number of 
hauls in that area)? Or to put it in other words, what are the limits between which 
the true population mean will occur in, say 95^ of all oases (959& confidence limits)? 
Will this be between 490 and 510, or between 300 and 800? 

b) Bow many hauls should be made to obtain a predetermined level of precision? If one 
needs an estimate to be not more than, say 20J6 different from tte true population 
mean, how many hauls should be made? 

In order to solve these problems, we have to look at tte statistioal distribution of 
trawl catches, and more important, tte distribution of the mean of a series of catches. 

If a series of individual trawl catches is plotted in a size frequency distribution 
the result may look somewhat like Figure 1. This graph is quite different from tte Normal 
or Poisson distributions that are usually found in biological data, in that it is very 
skewed with many hauls containing few fish while some hauls have exceptionally high numbers 
of fish. This is because of tte tendency of fish to concentrate in special areas. These 
very skewed distributions frequently obtained from a series of trawl catches are examples 
of "contagious" distributions. They are characterised by a very large variance, greater 
than tte population mean. A good description of tte various types of contagious distribu- 
tions is given by Elliot (1971)* Tte statistic we are directly interested in, however, 
is the mean of the series of hauls. This has much simpler properties being normally 
distributed, regardless of the type of distribution from which the individual samples were 
drawn, provided that it is based on a sufficiently large number of observations (at least 
30) Thus, if we repeated the survey a number of times using identical ships within 
tte same time period, we would find that the mean values derived from each of these surveys 
would all belong to a normal distribution. The mean of this normal distribution is equal 
to tte mean of the original skewed distributions and this is the value which we are trying 
to estimate from tte results of the trawl survey. 

The variance of the survey mean catch per haul x is 

var (*} v*r(x) in which var(x) is the variance of 

^^ I ' n tte original distribution of catch 

per haul z, and n is tte number of 
hauls in tte survey. 

the standard error of tte sample mean is 
. standard error (x) - /var(x) 

The flaot that tte sample mean ie normally distributed, enables us to calculate its 
confidence limits which ares 



x + t 
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Ntunber of 
hauls 

40 - 



20 - 



10 - 



50 



100 



200 
number of fish per haul 



Vigor* 1. Typically skmrad frsqumoy distribution of trmrl oateh** 
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The value of t (Student's value) can be read from standard statistical tables. The value 
to be used will depend on what % confidence limits are required and also on the degrees of 
freedom (number of hauls - 1). Some values of t are listed in Kble 1. The standard error 
of the survey mean is dependent on the variance between individual hauls, and on the number 
of hauls in the survey. Increasing the number of hauls will result in a smaller standard 
error t and thus in greater precision* As the number of hauls increases, however , the gain 
in precision from a further increase will gradually decrease* 





t 


Degree* 
of 

freedom 

(-1) 


90* 
Confidence 
Limit* 


95* 
Confidence 
Limits 


30 


1.70 


2.04 


40 


1.68 


2.02 


60 


1.67 


2.00 


120 


1.66 


1.98 


00 


1.64 


1.96 



Table 1. Value* of Student's t for various degrees of freedom 

An example of the calculation of x and it* confidence limit* i* given in Figure 2 
and Table 2. 

We have now *een that it i* poeaible to calculate the degree of precision of a survey 
estimate, once the *urvey ha* been conducted and the result* are available. In this situa- 
tion we can also calculate what gain in precision would have resulted from an increase in 
the number of haul*. With this knowledge, sampling frequency for future surveys in the 
same area can be adjusted, assuming that the distribution of fish will be similar during 
these survey* to the one which ha* been completed. 

If we have to design a *urvey in a completely new area, it i* impossible to calculate 
in advance how much sampling will be required in order to obtain some predetermined level 
of precision. The best procedure in thi* oa*e i* to look at reeults of other surveys in 
comparable area*, and to calculate the relationship between sampling frequency and precision 
for those area*. Assuming that the variability in our own survey area will not be very 
different, thi* procedure give* a fir*t indication of the amount of sampling required, fly 
and large, it ha* been found in trawl surveye that the etandard deviation of the catch per 
haul of a particular demersal epeoiee i* about equal to the mean catch per haul, so a* a 
rough rule it can be expected that the standard error of the estimated mean catch per haul 
will bet 



standard error (x) . 



*** 1 * **?! * * d ** r of the estimated mean will be X//EO . ;/! , 
or about 10* of the mean itself, lor pelagic species the coefficient of variation of catches 
per haul (i.e. the ratio of the standard deviation and the mean) will usually be muoh higher, 
and the estimate of the mean consequently muoh less preoise. Some trawl survey results are 
reported by Hennenuth (1976), and Jones and Pope (1973). 
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2.6 Stratified Sampling 

A more practical and more efficient method of increasing the precision of the survey 
estimate is to divide the survey area into strata of more uniform fish density and estimate 
the mean and the variance for each stratum separately before combining them into overall 
estimates of the parameters for the survey area as a whole. Because the variance normally 
increases with the population density a further gain in precision can be obtained by concen- 
trating more of the sampling effort in the higher density strata and allocating a lower 
proportion of it to strata where the density is expected to be low. 

This procedure is called stratified sampling* Before the start of the survey, the 
area is divided into sections or "strata" of low and high fish density* Obviously this can 
only be done if we have some prior information on the distribution of the fish* This prior 
information may be derived from different sources: 

a) topographical or hydrographical features which are known to be related to the 

distribution of fish density (bottom depth, type of sediment, salinity or temperature )| 
results of similar surveys in previous years} 

results from a preliminary cruise made immediately prior to the main survey where no 
data of category a) or b) are available which can be used for stratification; 

d) acoustic information from echo sounders. This method can be used when the echo sounder 
gives some indication of fish abundance, but when the aooustio information by itself 
is not sufficient to make quantitative estimates. In this case, the aooustio infor- 
mation is used to delimit areas of high and low fish density* Afterwards the actual 
density in each area is estimated by a number of trawl hauls (Doublsday, 1??6)* 

Usually there will be no point in designing a sampling scheme with more than 2 or 3 
strata, because our knowledge of the distribution of fish will be rather imprecise. Strata 
may be of different sise, and each stratum may be composed of several distinct areas in 
different parts of the total survey area* 

A demonstration of the benefits of stratified sampling is given in Figure 3 and Table 
3* This example refers to the same area as Figure 2; the difference is that this time we 
know, from a preliminary survey, that the density of fish within the 20 m depth contour is 
eight times as great as in deeper water. Tfeo survey area has been divided into two strata* 
stratum A (less than 20 m depth) and stratum B (more than 20 m depth). The ratio between 
the area of stratum A and stratum B is 5$ 16. Sampling effort has been redistributed in such 
a way that stratum A has a sampling intensity (hauls per unit area) eight times as high as 
stratum B* The ratio between the total number of hauls in each stratum is found as followst 

surface area AsB 5*16 sampling intensity AiB 8il 
(number of samples in stratum A): (lumber of samples in stratum B) 

iM- 

If the total number of hauls is kept at 60, as in the previous example, there should be 43 
hauls In stratum A and 17 hauls in stratum B. 

Figure 3 gives the results that the survey might have yielded with this new sampling 
pattern. For each stratum, the mean, variance, sad variance of the mean are calculated as 
in Table 3* These figures are then combined into one mean and variance for the whole area 
according to the following formulae* 



Stratified mean (for the whole area)i 

5 . area(A) * ,* area(B) 



total 
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Figure 2. Remit 8 from a trawl survey with trawl stations 
paced evenly throughout the survey area 



Humber of hauls 60 

Variance between individual hauls - 1, 504* 16 

Mean number per haul (x) - 21.07 

Variance (x) - 1 ^g >16 - 25.07 

Standard deviation (x) 5*01 

Confidence limits (x) t.(5.01) 

Confidence limits (x) - 21.07 * (l.67)($.01) - 21.07 * 8.37 - 21.07 
Confidence limits (I) - 21.07 (2.00)(?.0l) - 21.07 10.02 - 21.07 



T^ble 2. Calculation of mean number per haul and 

confidence limits for the data in Figure 2 
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Figure 3* Results from a trawl survey with stratified 
stapling pattern* Stratum A (high sampling 
intensity) is defined by 20 depth contour 



Stratum A Stratum B 

timber of hauls 43 17 

Variance between individual hauls 4,385.21 206.31 

Iban number per haul (x) 68.72 9.94 

Variance (x) 101.98 12.14 

Stratified mean . ^ . (68.72) + ^ . (9.94) - 23.94 
Variance stratified mean - [*!jf m (101.98) + Jjf j*" (12.14) - 12.83 
Standard deviation stratified mean - 3.58 
90* Confidence limits - 23.94 S9& - 23.94 25% 

m 23.94 7.16 - 23.94 30J6 



Ifcbl* 3. Cftlcnlation of Ma nanibr per haul and 

ooafitono* Uteita for th* data in Figure 3 
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in which x^ and x^ are the mean numbers par haul for strata A and B respectively. 
In situations with more than 2 strata the general formulae will applys 

Tx n . area(H) 
*st " Z total area 

wi .t " 

For the data in Table 3 we find a stratified mean of 23.94, and 95% confidence limits of 
7.16. 

It is evident that the 95% confidence limits, expressed as a percentage of the mean, 
have been reduced by the stratified sampling procedure (from 48% to 30J&). flor the same 
amount of sampling effort, our results have become more precise, or in other words, we have 
got better value for our money. 

2.7 Sampling Qsar and Methods 
2.7.1 type of net 

The type of gear will depend on the type of fish we wish to catch. Most frequently 
the choice will be for some type of bottom trawl. In some cases, trawls cannot be used for 
resource appraisal surveys, and other gears such as purse-seines, gillnets, handlines, traps 
eto. have to be utilised. Far such gears estimates of absolute population sise are much more 
difficult to derive and the problem of making such estimates with an acceptable degree of 
precision has not yet been solved for any of these gears. In the case of purse-seines and 
midwater trawls the problem arises from the fact that the pelagic speoies for which these 
gears are appropriate have generally a very high contagious distribution and fishing for 
them at randomly selected positions is not likely to be productive. For these pelagic 
speoies acoustic surveys (see Chapter 3) are probably the most effective way of obtaining 
absolute stock sise estimates. Fishing is used primarily to identify the speoies which are 
contributing to the returned echoes and to provide samples to measure their biological 
parameters. 

For gears such as gillnets, hook-and-line, traps eto. the problem lies in assessing the 
area from which the catch taken by them is derived and their oatchability coefficient for 
the fish within that area. These gears however can provide measures of relative abundance, 
between sub-areas or between time periods, for the speoies to which they are appropriate. 
We shall therefore concentrate on trawls in the rest of this chapter. Most of the advice on 
sampling methods and standardisation will apply equally to other gears. 

In ohoosing a sampling gear, the following requirements should be kept in minds 

The gear should be simple to operate and to repair. Generally, an exploratory fishing 
survey will be mads only ocoassionally, say onoe a year. If the gear used for this survey is 
too complicated, the crew will not have sufficient opportunity to gst familiar with the net 
in the limited time available. Particularly whan several ships, or even countries, parti- 
oipate in the survey, it is important to keep the gear as simple as possible. There is no 
point in ohoosing the biggest and most modern gear available! the objective of the survey is 
not to make record catches, but to make as many comparable hauls as possible without too many 
technical interruptions. (Votes this is an important difference from experimental fishing 
or prospecting surveys where the objective is to assess the marl mom oat oh rates that can be 
obtained with the gears that will be used commercial ly). 
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There IB an advantage in choosing a gear which has been used commercially. 3uoh a net 
will be free from the initial fault* of a newly-designed net v and it will be easier to 
obtain spare parts or a replacement for the net. 

The gear should be suitable for use on a range of bottom types. In a survey it is not 
always possible to seleot the best trawling grounds , because trawling positions have to be 
chosen at random. Gear damage is likely therefore to be more frequent than in commercial 
trawling* In order to avoid excessive loss of time due to gear damage, a rather sturdy 
fishing gear should be used. 

The gear should be adapted to the type of fish we are mainly interested in. Even 
amongst bottom trawls, there are large variations in size, vertical opening, mesh sise, 
tickler chain* eto. Fbr eaoh speoies of fish, the commercial fishermen will tend to use a 
special trawl and a special rigging. Stall alterations to the net or its rigging may greatly 
influence its catching capacity for certain speoies. Even for closely related speoies, the 
availability to the gear may be very different. The experience of local fishermen can be a 
useful source of information in this respect. Also, it will be very useful to test different 
types of rigging before the start of the actual survey. 

2.1.2 Standardisation of sampling gear 

This is a subject of great importance. A fishing gear is such a complicated sampling 
instrument that there are hardly ever two nets which fish in exactly the same way. The 
catching power of the net depends on its construction and rigging, the fishing method, the 
sise of the ship, and finally on the experience and skill of the crew. Obviously, the prob- 
lems of standardization are greatly increased if one is dealing with more than one ship. 
The factors "ship size" and "experience of the crew 11 are hard to standardise. Although 
complete standardisation oan perhaps never be obtained, it is absolutely necessary to use 
identical nets, rigging and fishing methods throughout a survey and on subsequent surveys. 

face a suitable net, rigging, and fishing method have been chosen, these should be 
described in complete detail in the survey programme and report. An example of the 
specifications to be given is found in Table 4. 

Preferably, no alterations should be made to the method or gear during future surveys 
in the same area, even if the possibility of technical improvements becomes available. It 
is much better to carry on with the traditional gear and relatively low catches, than to 
change the method and be faced with all the problems of calculating conversion factors for 
the old data. 

2.7.3 Comparative fishing 

Sometimes, however, it may be unavoidable to change sampling gear or method after a 
number of surveys, because of changed survey objectives. In such oases, a comparison has 
to be made between the fishing power of the new and old gear. Comparative fishing should 
also be done when two ships, participating in the same survey, for some reason cannot use 
identical sampling gears. Obtaining reliable conversion factors from one gear to another 
is a very tedious job. The within-haul variance for eaoh gear is so high that it takes a 
large number of hauls to obtain a precise estimate of the ratio between their fishing 
powers. 



* v P 1 * * 10 * 1 * tl 4 i *o ** Pi*4 hauls with both goars, and to ooipart 
oatohti jMtwwB th* two haul, of aoh pair. IWcing paired haul, oan b don* with two 
roMareh VMMlt fishing iid by .ite, or by one ship using both gaz* alternately, Th 
*** **** by ^J 6 " 1 !* **> n*t to b fishod oloMr and BOX* r*adily on tht MUM 
patch of fih, uraally has 1 M variance and i. to b pr*frr*d when poMibl*. A total of 
at lMt 20 pair, will b MMMary to got any Maaingfal oonvrion factor. 
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Ihble 4* Description of fishing gear and method 



Pishing 
Gear 



1. 

2. 
3. 



6. 
7. 

B. 



Conatruotion of the net, including number of neahee 
per section, meah sise, twine thickness, twine 
material This information ia normally given in a 
technical drawing. 

Bridleas length, diameter, material* 
Headropes length, diameter, material. 

Fbotrope* length, diameter, material, division in 
sections, extra weight ( chain) , how distributed* 

Roller gear or false foot rope (if applicable)! 
detailed description or technical drawing* 

Floats: number, volume, material, where attached* 

Kites: number, size, thickness, material, how and 
where attached* 

Trawl doors: aise, weight, material, shape. 



Fishing 
Method 



1. 
2. 

3. 

4. 

5. 
6* 



Fishing speed* 

Ratio of warps depth* This ratio will depend on the 
depth of the bottom and also on the bottom substrate* 

In which areas to use roller gear or false footropea* 
Duration of haul* 

Period of the day when fishing should be conducted* 
Direction of tow in relation to tidal currents* 
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A comparative fishing experiment may be conducted as part of the actual survey. If 
several vessels participate in a survey, it is useful to plan a comparative fishing 
experiment as part of the programme, in order to investigate possible inter-ship differ- 
ences. 

2.7.4 Position of trawl stations 

Trawl stations must be randomly distributed within the survey area, or within the 
strata, to avoid biased results. Two well-known examples of non-random distribution of 
sampling, giving rise to systematic errors aret 

a) The skipper, if not given precise instructions, is inclined to select the most suitable 
grounds for bottom trawling. This will result in an underestimate of the abundance of 
species which are distributed mainly on rooky grounds and conversely an overestimate 
of those distributed on sandy or muddy ground. 

b) The skipper is inclined to select those grounds that he knows from experience or from 
echo-information will contain most fish. Ibis procedure leads to an overestimate of 
the abundance. 

Apart from avoiding these two obvious sources of bias whioh will result in major over- 
estimation of the true fish abundance, it is also necessary to avoid less easily detected 
bias whioh can result from non-random selection of fishing positions. In fact, if the 
fishing positions are arranged on a square or rectangular grid pattern with the stations at 
fixed distances apart, although the station positions have not been randomly selected in the 
strict sense they will almost certainly be randomly positioned in relation to the distribu- 
tion of the fish. This procedure has the benefits that fishing operations are carried out 
in a more regular time pattern, whioh is more convenient for tto scientists and crew, and is 
less likely to result in wrong recording of fishing positions on data sheets. If it is 
considered desirable to avoid the minor risk of bias whioh could result from this procedure 
the strata can be divided, by a grid, into small equal sub-areas, which should be of a sise 
about four times the square of the accuracy of navigation. These areas can then be numbered 
and the ones to be sampled chosen from a table of random numbers - the number of areas to be 
chosen within each stratum being estimated as described in section 2.6. 

When making a survey in a new area, it is advisable to first explore each trawling 
position by echo sounder before shooting the gear. A trial run can be made using only the 
echo sounder and, if the bottom is reasonably smooth for the trawl to be used, the same 
track can be fished with the trawl. If this is not so, a fishable track should be sought 
in the vicinity using the same technique, and when located substituted for the trawling 
position whioh had to be rejected. 

fa subsequent surveys the stratification design may need some modification in the light 
of the results of the preceding survey; if not the same fishing positions should be used in 
all subsequent surveys. If, despite the precautions described in the previous paragraph, 
gear damage is sustained another trawl track, within the same sub-area, should be selected 
and the trawl-haul repeated there. If the trawl comes fast, and has to be hauled, but with- 
out serious damage after only a short time fishing the catch should be rejected and the heul 
repeated as described above. If the net has been fishing for half or more of the standard 
towing time the catch can be accepted and the results multiplied by the appropriate factor 
to make them comparable with hauls of standard duration. 

2.7*3 Tims and duration of 'hauls 

fbr several species of fish, there are marked differences in oatohability between day 
and night. If a survey is to be conducted during 24 hours of the day, it* is advisable to 
investigate the difference in catch rates between day and night before the start of the 
survey. This should be done by making a large number of hauls (say at least 40) in the same 
position during several 24 hour cycles. On smaller vessels it will not be practical to work 
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both day and night. In that case, fishing will normally be conducted during daytime, and it 
should be clearly defined which hours are counted as daylight period. If the resulting data 
are to be used only for comparative monitoring purposes then it is only necessary to correct 
any hauls taken during daylight to night values using the factor obtained as described above. 
If the data are to be used for absolute abundance estimates then they should be corrected for 
the time of day to which the catohability coefficient applies (see section 6.3). 

The duration of the haul is measured from the moment the trawl has settled on the bottom 
(the brakes are put on the winch) until the winch starts hauling again. There has been much 
discussion in the past on the optimal duration of the hauls. In general, one has to choose 
between a smaller number of long hauls or a larger number of short hauls. Making short hauls 
means that more time is lost in hauling and shooting the gear, and less time can be spent ac- 
tually fishing. However, in view of the large within-haul variance, it is advisable to in- 
crease the number of hauls as far as possible. This will give an increase in the precision 
of the survey results (paragraph 2.3). A duration of 30 minutes per haul is sufficient for 
most purposes. Short hauls have the added advantage that gear damage is more quickly disco- 
vered and repaired, 

2.8 Sampling the Catch 

Sampling the catch is a matter of using time and manpower as economically as possible. 
Bach haul should be sorted, the quantities recorded, and any biological samples collected 
before the next one comes on deck. Normally, fishing operations should not be interrupted 
by sampling activities. Research vessel time is much too costly to have the ship floating 
around idly, while biologists are dealing with the catch from a previous haul. The main 
objective of the survey is to estimate the abundance of a few commercially important 
species. The abundance of these species in the catch can normally be estimated adequately 
in the time interval between two hauls. The attention given to other species of lesser 
importance should depend on the amount of surplus time available after the important species 
have been sorted and until the next catch comes on board. Care should be taken not to 
spend valuable vessel time in measuring large quantities of non-commercial species. 

Estimating the total catch can be conveniently done by sorting it by species into 
baskets of uniform size and counting the number of them. If there is a wide range of size 
within a species it is preferable to sort that species into size groups in separate baskets 
and count the number of baskets in each size group. If time does not allow sorting by 
species the catch can be sorted by size, without species separation, and a small number of 
baskets taken as a subsample from each size category, after counting the total number of 
baskets of each size category in the catch. 

Selecting the fish to be used as a subsample for getting the species composition of the 
uneorted part of a catch, or for measurement of the size composition of a catch which has 
been sorted by species, should be done in a way which ensures that the subsample contains a 
random selection of the catch. The first step is to decide the number of baskets which can 
conveniently be worked up. This number of empty baskets should then be laid out and filled 
by distributing equal proportions, from each basket of that category in the total catch, to 
fill these empty baskets - e.g. if the total catch is 20 baskets and it has been decided 
that 4 baskets can be sampled then a fifth of each basket in the catch should be tipped, in 
random order, into each of the 4 empty baskets* If this first-stage subsample still contains 
too many fiah of some categories for sorting and measuring the baskets are redistributed by 
the same procedure. 

If some very large fish (e.g. shark) occur in the catch, these are taken out of the 
oatoh and recorded individually, before the subsamples are taken* 

Species of special importance are sorted out in an early stage of the subsampling pro- 
cedure. For instance, if the survey is intended for herring, we should try to sort all 
herring from the total catch or at least from the first stage subsample. Species of less 
importance should only be sorted at the second or third stage in the subsampling. If a 
speoies occurs in two clearly distinct size categories, the large individuals could be 
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ssleoted from the whole catch or the first subsample, and the smaller individuals from the 
ssoond or third stags sub sample. Whenever, possible, the crew should be called upon for 
assistance in sorting the catch. The ultimate aim of this procedure is to get a measure of 
the total weight of the oatoh and of each speoies within it. Because of the difficulties 
of weighing accurately at sea it is more convenient as a routine procedure to measure the 
oatoh in terms of volume (standard baskets). However to subsequently convert these to 
weights the first convenient opportunity should be taken to weigh some baskets of eaoh 
species, mixed species, or of sise categories so as to get appropriate conversion factors 
from volume to weight. It should also be remembered that there may be seasonal variations 
in the volume to weight conversion factors. 

For eaoh speoies in the catch, or eaoh sice group sorted within a speoies, the total 
number of fish contained within the subsample selected should be measured and counted (see 
section 5.6 for more detailed information on recording procedures). Other biological infor- 
mation, such as age, maturity stage, sex eto. can frequently only be ontained from a more 
limited number of individuals within the subsample. As many of these characters are related 
to length the most efficient estimate of the frequency of these oharaoterisitos within the 
oatoh can be obtained by taking length stratified subsamples; e.g. five fish within eaoh 
length grouping. Fuller advice on subsampling procedures on board research vessels will be 
found in Holden and Raitt (1974) and on subsequent treatment of stratified sampling in 
Chapter 5 of this manual. 

29 Cruise Programme and Report 

It is always necessary to make a detailed cruise programme before the ship goes to sea. 
Once the ship is at sea, often in unfavourable weather conditions, people on board (including 
the chief scientist) often lose their ability to make intelligent plans. The enthusiasm whioh 
they felt in the laboratory may quickly disappear at sea. The only thing that keeps them 
going under those circumstances is a clear and detailed set of instructions. A set of pre- 
printed forms which clearly define what data are to be collected and recorded is also of help 
in this context (Chapter 5). 

A cruise programme should contain a detailed description of the work to be done and the 
methods to be used. If working methods have been standardised, the same set of instructions 
can be used for subsequent surveys. It is important to indicate alternative programmes to be 
carried out in oase of gear loss or unsuitable weather conditions. A sufficient amount of 
qpare time should be included in the programme, in view of unexpected problems that may arise 
during the cruise (bad weather, gear damage, engine trouble eto.). Depending on the local 
conditions, this may require an additional 2Q-30J6 vessel time above the minimum amount that 
would be needed under optimal conditions. In drawing up the plans, it is useful to indicate 
the priority of the various experiments or areas to be worked. This will help to ensure 
that the most important work is done in oase part of the time is lost. Ibe cruise programme 
should also contain a list of materials and equipment whioh will be required during the sur- 
vey. This may be a standard list if the cruise is a routine survey. Of course the complete 
list should be checked before the vessel sets out on the survey. 

During the cruise, it is a use Ail practice to keep a scientist's log* Just like the 
skipper and the engineer, the scientist in charge should keep a daily record of his main 
activities on board. The scientist 1 s log should contain a general review of the number of 
stations finished, loss of time due to various causes, any decisions that were taken to 
alter the cruise programme, damage or loss of equipment, remarks concerning the improvement 
of equipment or methods eto. 

Such a logbook will greatly facilitate the writing of a cruise report after the survey. 
Apart from the scientists 1 log, of course the normal record forms have to be completed for 
every trawl station or hydrographio station. 
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3. ACOUSTIC SUHYJSIS 

Acoustic technique* are an important tool at the disposal of those concerned with 
fishery reeouroe appraisal. Like the method* described in Chapters 2 and 4 (exploratory 
fishing and indirect methods) acoustic techniques are independent of catch statistics* 
They can be used to assess exploitable stocks which have not yet been fished and therefore 
can provide estimates of stock size prior to a fishery. In addition, acoustic techniques 
provide the capability to survey a resource much more rapidly than can be done by explor- 
atory fishing* However, acoustic techniques do not provide species composition, or other 
biological information, nor are they suitable for most demersal stocks* Thus, they are 
best employed in conjunction with exploratory fishing. 

3*1 Characteristics of Acoustic Systems 

About 1930, it was discovered that the ultrasonic depth sounder could also be used to 
detect fish, and subsequently it became widely used for fish detection and quantification. 
Although special research echo sounders and sonars and several types of automatic signal 
processing systems have been developed for fisheries investigations, the basic part of most 
systems for acoustic surveys is still a standard depth sounder or a sonar (horizontally 
ranging echo sounder), and analysis of echograms is still probably the most widely used 
technique in assessing survey results. 

A sonar or echo sounding system basically consists of four parts: (l) control and 
display, (2) transmitter, (3) transducer, and (4) receiver-amplifier. The display is 
generally a paper recorder, but it may be an oscilloscope or cathode ray tube (CRT). 

The transmitter provides the electrical energy which is converted to acoustic energy 
and propagated through the water by the transducer. In most systems the sane transducer 
receives the returned echoes, converting than back into an electrical signal. The receiver- 
amplifier increases and modifies the signal to a level and form suitable for display. 

Paper recorders for echo sounders come in a variety of types and sizes. They have two 
basic functions! (1) to trigger the transmitter; and (2) to record the echoes as a function 
of depth. The number of transmissions per unit time is called the pulse repetition rate. It 
is governed primarily by the range to be displayed and the depth of the bottom. Echoes 
generated by the previous pulse must return before a new pulse is transmitted or there will 
be confusion as to the true depth of the echoes, for example, a false bottom (Mgell 1935). 
The depth range displayed on the recorder depends on the speed of the rotation of the 
stylus and on most recorders this can be controlled to give appropriate depth ranges. For a 
given paper width, the faster the stylus, the smaller the range displayed (or the greater 
the range resolution), fohograms do not give appreciable information on the size of targets, 
but are primarily presence or absence indicators. The amplitude can be displayed on a CRT, 
but this provides no permanent reocrd. 

IXoh time the transmitter is triggered by mechanical contact or a trigger pulse from an 
electronic circuit, it produces a pulse of electrical energy of a certain width, frequency 
and power. The maximum range of an echo sounder is dependent on the power, and on zone a&- 
ditional parameters. There is an upper limit to the amount of power which can be applied to 
a transducer of a given size. Tha range resolution of the echo sounder is dependent on the 
pulse length (i.e. the duration of the transmitted sound pulses) - th smaller the pulse 
length the greater the resolution. In typical echo sounders pulse lengths range from 0.1 to 
50 m/sec. with frequencies typically in the range of 20 to 200 kHz. 

The electrical energy from the transmitter is converted into a poise of acoustic energy 
by the transducer. This is accomplished by small vibrations which displace the particles of 
the water back and forth, resulting in pressure changes. Similarly, pressure changes assoc- 
iated with tte reflected sound wave are detected by tte transducer when the echo returns and 
converted into electrical energy. 
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The beam of sound transmitted by an echo sounder is often visualized as a oone f but in 
reality it is much more complex. Transducers concentrate or direct sound in a particular 
direction. The transducer face can be regarded as consisting of many point sources which 
interact so that the sound intensity varies with direction, and is at its maximum in a 
direction perpendicular to the transducer surface (where all waves are in phase) called the 
acoustic axis. Both the power transmitted and the receiving sensitivity decrease with in* 
creasing: angle from the acoustic axis. This variation is described by the directivity 
pattern function, b(6, 0), which simply represents the distribution of transmitted power or 
receiving sensitivity at any angles 9 (from the acoustic axis) and (in the plane of the 
transducer) compared with that on the acoustic axis. An example of the transducer direc- 
tivity as a function of the angle 6 is shown in Figure 4. For a circular transducer, the 
directivity pattern would be the same for all values of 0f. 

. The width of the beam is often defined by the angle where the intensity has decreased 
to one-half (-3dB) of the value on the acoustic axis. The width depends on the sice of the 
transducer in relation to the frequency. Larger transducers and higher frequencies result 
in narrower beams (that is, the energy is more concentrated along the acoustic axis). 

The amplitudes of the echoes are very small compared to the power transmitted. The 
primary function of the receiver-amplifier is to apply the appropriate amplification to the 
signals received by the transducer. 

Almost all receivers have a manual gain control which increases or decreases the over- 
all amplification of the receiver. Host also have some type of time or depth dependent gain 
function which is important for both display and quantitative processing since the signal 
levels decrease with range. This feature may be merely an initial suppression circuit to 
eliminate or decrease the signal levels from near surface targets, especially those due to 
non-biological factors such as turbulence from surface waves, or it may be a time-varying 
gain (TVO) which compensates for spreading and attenuation losses* 

Host receivers also include a feature to delineate the bottom. This feature (often 
called a "white line 1 *) converts the bottom echo to a thin line on the display by blanking out 
signals for a fixed time after receipt of the large bottom echo. 

3.2 Some Basic Principles 

Acoustic techniques are based on the fact that the amount of sound reflected from fish 
targets is a function of their abundance. The speed of sound propagation through water 
varies with temperature, salinity and depth, but is usually between 1,400 and 1,500 m/sec. 
As sound propagates, the sound intensity, that is, the energy per unit area in the sound 
wave, decreases because of geometric spreading and absorption. Thus, the sound intensity 
(I ) at some range (R) can be described by the relationship: 



where I. is the intensity at a unit range from the transducer (sound source), and <* is the 
attenuation coefficient, which is a function of the sound frequency and the water temper- 
ature and salinity. 

When sound strikes a target, the intensity of the reflected sound is proportional to 
the intensity of the incident sound, that is 

i r . ki t 

where I is the reflected sound intensity a unit distance from the target, I is the 
incident sound intensity, and k is a constant dependent upon the reflective properties of 
the target. 
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As the reflected found return* to the transduoerv it is fUrthsr reduced by gtoMtrio 
spreading and absorption. The generalised expression for the echo intensity I measured at 
the transducer is therefore* 



T m 



kl, NT * (, 



whore b (9, 0) is a flaotor for ths transducer directivity pattern and the other symbols 
are as defined above in relation to equations 1 and 2* As factor for transducer direc- 
tivity is equal to 1.0 on the acoustic axis and to less than 1.0 at all other angles. 
Equation 3 is often expressed in decibel units, which measure ten tines the ratio of in- 
tensities in logarithmic units , i.e. 



101og 1) 

In deoibel (dB) units, the sonar equation iss 

EL - 8L + TS - 40 log R - 2 R + 20 log b (6, 0) 

where EL is the eoho level, SL is the source level (10 log I*), and TS is the target strength 
(10 log k). 

The target strength depends on the sise of target and on its reflective characteristics. 
Ike target strength of fish is generally a function of sise (Figure 5), but also varies be-* 
tween species (especially between those with and without a swim bladder) and is very depend- 
ent upon ths aspect (orientation) of the fish. 

3*3 mthods of Abundance Estimation 



There are basically two types of acoustic data processing! (1) counting and (2) 
amplitude measuring* Counting techniques depend on resolving and enumerating individual 
targets* Amplitude measuring techniques are based on the principle that the reflected sound 
intensity (amplitude-squared) is f for a given sise and speoies of fish, directly proportional 
to ths fish abundance (assuming appropriate range corrections are made)* 'A* proportionality 
constant includes the acoustic system parameters sal ths mean fish target strength* Within 
these two basic types, -the analysis technique may utilise eohogrsms, oscilloscopes, or more 
sophisticated, automatic signal processing equipment* 

3*3*1 Analysis of eohogrsms 

Ite easiest and most widely used acoustic methods of abundance estimation are based 
on eohogram analysis* Considerable information on the abundance and distribution of fish 
stocks oan be obtained by ttese techniques even though muoh of the signal amplitude infor- 
mation is lost on the paper record. It is important, however, to understand the limitations 
and souroes of error in eohogrem analysis techniques. 
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Figure 5. Observations of the wudMui target 
strength of ton-ing at 120 kfls as 
ftuiotion of length of fish 
(fro* Batten and OlMn 1973) 



3*3*1*1 loho counting 

Nhen fish densities are low or near^surfaoe, the targets recorded on the oohogrs* 
ay bo predominantly individual flab. In that owe a relative Mason of abundanoe oan 
be obtained by merely count ing the number of traces per unit diatanoe. .Caution Bust be 
exercised sine* the volume aampled is not only a function of depth, but is alio dependent 
upon the interrelationships between depth, fish target strengths, and the overall gain 
and tiM-varie&-gain characteristics of the eoho sounder. These probleis are greatly 
duoed if the eoho sounder has a good TVQ. The appropriate depth oorrootion for eoho 
counting is 40 log R -f MR and in equipBent with this facility this correction is smde 
sntoMtieally by the TTO. 

Rovgn estimates of absolute abundanoe oan also be derived froa eoho ocrants in 
oirouMtanost by inferring the sise of the sampled area from the lengths of echo traoee on the 
paper recorder. Suppose that all the fish detected lie in a thin layer at an unknown depth. 
If the beam is circular, the area scanned at this depth Kill also be circular. As the ship 
passes over a single fish, which oan be regarded as a stationary point target, the fish will 
bs recorded over the length of soae path across the circular beam field parallel to the 
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ship's course* If the fish is directly under the ship, the length of this path will be the 
diameter of the beam field 9 but if the fish ie off to one aide of the ship, the path will be 
a chord shorter than the diameter, and at the extreme edge of the field perpendicular to the 
hip 1 a oouree, the path will be only a point* 

On the assumption that fish will be distributed randomly with respect to the ahip 1 
oouree | it can be ehown that the mean path length P of a single fish aoroae a circular field 
of diameter D will bes 



Hence the diameter of the field D - 4? A oan *>* calculated from the mean path length P, 
which in turn oan be calculated from the mean length p of echo trace* on the recorder f 
einoe 

p/F - /S 

where a ie the apeed at which the paper advances on the recorder and S ie the speed of the 
ship* 

The area scanned by the beam during a given interval of time oan be calculated directly 
as the product of the estimated beam diameter D and the ship's speed S v and this swept area, 
in conjunction with the count of echo traces recorded during the time interval, will provide 
an absolute estimate of density (number of fish per unit area). 

In practice, this method encounters various complications* .Clearly the actual value of 
P will depend on the transducer's directivity pattern b(, 0), the target strength of the 
fish, and on the level of the threshold between detectable and undeteotable echoes* In 
general, there will be a proportion of fish whose target strengths will be too low for them 
to be detected. Thus any estimates will be biased in favour of larger fish and if the 
sounder does not have the correct TTO this bias will increase with depth* Moreover, the 
relationship between mean trace length and swept area is more complicated in the case of 
elliptical and rectangular beams than in the oase of circular beams* Still, most of these 
factors oan be taken into account in the analysis one way or another* 

3.3.1.2 Visual grading 

This technique is a system of assigning relative density values to a portion of the 
eohogram on the basis of the degree of blackening of the paper record* A simple soale de- 
scribed in Fbrbes and Fatten (1972) categorises densities on the eohograms into four grades* 
(l) very scattered just colouring the paper, (2) soattered-between black and white, (3) 
dense-black, and (4) very dense-activating the white lines* The technique is best used in 
combined acoustic-exploratory fishing surveys, since results of fishing oan provide the re- 
quired information on the relative abundance associated with the different grades. 

A four-category grading system has the advantage of simplicity and relatively low sub- 
jectivity* However, it suffers from a lack of precision since only four values are assign- 
able to natural densities which may range from less than one fish per 10,000 m- 5 to more than 
100 fish per m3* More complex grading schemes oan be developed and, depending on the in- 
dividual's skill and experience, oaa be surprisingly accurate. Tbe results of an experiment 
conducted at the MO/RRAD Training Course in Acoustic Methods for Fish Detection and 
Abundance Estimation in Cochin, India, during lovember 1973 oaa be used as an example 
(Figure 6)* Students were asked to examine various sections of eohograms and assign re- 
lative density values* The correlation coefficient between the students 1 visual grading re- 
sults and the actual Simrad QK echo integrator measurements of relative density was greater 
than 0.9. 
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One of the major problems with the visual grading technique is that it is greatly 
affected by the condition and characteristics of the echo sounder. The example in Figure 7 
shows that a grade 2 trace can be changed to grade 4 by changing the echo sounder gain and 
"white line 19 settings. Similar effects occur if the performance of the echo sounder changes 
with time. Also, traces at different depths, or different kinds of traces, i.e, layers 
versus schools, are difficult to compare. It should also be noted that in the case of 
multiple echoes, the appropriate TVO correction is 20 log R + 2<xR. 

3.3. 1.3 Counting and sising of schools 

A simple count of schools encountered per unit distance steamed provides a measure of 
relative abundance. The measure can be improved by taking into account the sise of schools. 
It is difficult to determine the true sise of schools from a single crossing, since they are 
often irregular in shape and there are an infinite number of possible paths over them. How- 
ever, an unbiased measure of the relative abundance of fish in schools can be determined by 
measuring the relative proportions of transects occupied by schools. For example, if IVf of 
the distance steamed along a transect was spent over schools, then it may be inferred that, 
regardless of individual school shapes and sises, 10J& of the total survey area is occupied 
by schools. The relative volumes occupied by schools in sucoessuve surveys can be determined 
by summing the products of the observed mesn vertical thicknesses of schools and the corres- 
ponding transect proportions. 

The technique of school counting and sising is especially useful for sonar operations 
on near-surface pelagic schools, which may be difficult to survey with conventional downward- 
looking systems. For sonar systems, the horizontal dimensions can be readily measured, but 
the vertical extent cannot (Smith, 1970). Sonar techniques of school counting and sizing 
have been used routinely for surveys of anchovy off California end Mexico (Hewitt elb al. , 
1976). 

There are still several technical problems to be solved before these school counts and 
sise frequencies can be converted into absolute estimates of stock biomass, and the tech- 
niques and equipment used in these surveys are too sophisticated to be readily available to 
most resource survey projects. However, sonar, as a means of detecting and estimating the 
frequency of and size of schools, has obvious advantages over vertical echo sounding in the 
case of near-surface pelagic schools which are not available to the latter because they are 
above the transducer depth. It may also have an advantage where there is evidence that 
schools of pelagic fish move out of the path of an approaching ship because of disturbance 
by engine noise or propeller reverberation. 

A rough assessment of stock biomass in such oases might be obtained by a sonar survey 
to count schools and estimate their size frequency distribution. These could then be 
converted to school biomass and species composition by purse-seine fishing directed at 
schools of the size rsnges detected during the initial sonar survey. 

3.3.2 Oscilloscope analysis 

The amplitude of echo signals can be measured much more precisely with an oscilloscope 
than from an eohogram. An oscilloscope can be used to count individual targets more acc- 
urately since correct depth-dependent thresholds can be established and the sampling volume 
can be more precisely determined. In addition, the amplitude of the individual target 
echoes can be measured. The amplitudes are a function of both the sise of the targets and 
their location with respect to the directivity pattern of the transducer. However, the 
effects of the directivity pattern can be separated, leaving the distribution of fish target 
strengths, which provides information on the size of the fish (Forbes and Btfken, 1972; 
Arenberg, 1972). In some oases, large fish can be readily separated from smaller fish and 
estimated on the basis of their greater target strengths. An example is the adult sookeye 
salmon (teoorhynohus nerka) which is acoustically counted in Lake Washington in the United 
States (Tfcorne and Bsirson, 1974)* 
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As described earlier, the squared amplitude of the echo is directly proportional to 
the fish density. The oscilloscope displays the amplitude, and this information oan be used 
to estimate the fish density from multiple targets more accurately than from an eohogram. 
This technique was used by Traskanov and Scherbino (1966) to estimate tte abundance of 
Atlanto-Soandian herring. It works particularly well for fairly uniform distributions, for 
example, extensive fish layers, but is subject to considerable error where distributions are 
irregular. This is because it is difficult to estimate the average squared amplitude from 
an irregular trace, and there is no permanent record for later measurements. The problem is 
reduced if the data are first recorded on analogue magnetic tape (Thome et al. , 1972). 

3-3.3 Automatic signal processing systems 

Both echo counting and echo amplitude measuring can be done with automatic systems. 
Descriptions of echo counting systems which have been used in acoustic surveys are given by 
Dowd (1967, 1974), Craig and Forbes (1969) and Carpenter (1967). The most oommonly used 
automatic echo amplitude-measuring system is the echo integrator, which measures, squares, 
and sums the squares of echo amplitudes. Echo integrators provide an estimate of fish 
density whether the targets are individual or multiple or a combination of both. Infor- 
mation on the average target strength is required to derive absolute density values. The 
most widely-used echo integrator is the Simrad QK, which is an analogue system. Examples 
of its use in acoustic surveys are given by Jttdttun and lakken (1973) *nd Johannesson 
(1975)* Improvements in stability (i.e. consistency of performance) and dynamic range 
(i.e. the range of echo amplitudes measured accurately) oan be obtained with digital systems, 
such as the recent digital echo integrator developed at Aberdeen. Scotland (Simmonrts, 1975)* 
The most versatile system is that based on the digital computer (Thome, 1973)* The present 
digital hydroaooustic data acquisition and processing system used at the University of 
Washington is based on a PBP 11/45 computer (Digital Equipment Corporation) and oan provide 
estimates of fish density in up to 50 different depth intervals simultaneously, whilst also 
making target strength measurements or doing routine data processing (Thorns et al., 1977)* 

3.4 Sampling Considerations 

Tte objective of an acoustic survey is usually to obtain an estimate of the total fish 
in an area, or of the size of a particular fish stock as a basis for management of a fishery. 
Since the volume of water searched by an echo sounder is usually a small portion of the 
total volume, an estimate of the total abundance within an area is obviously affeoted by 
variability in fish distribution, as well as uncertainty associated with the acoustic system 
or technique. Another, perhaps less obvious, uncertainty concerns the assumptions about the 
biological system being surveyed. Examples of such uncertainty include questions about 
availability to the acoustic gear (portions of fish too close to bottom or surface), speoies 
composition, or seasonal variations in local abundance caused by migration patterns. 

Sources of uncertainty oan be partitioned into three categories. The first is statis- 
tical, due to the inherent non-uniformity of fish distributions within the survey area. 
This error is reducible through increased survey effort. The other two categories of un- 
certainty are systematic, or biases. They are not directly reduced by increased acoustic 
survey effort, nor oan they be evaluated by statistical techniques. One category is un- 
certainty as to the true values of the acoustic parameters, such as target strength} the 
second is uncertainty as to the availability to the acoustic equipment and biological 
characteristics of the target stock. 

3*4*1 Statistical considerations 

Since a population estimate is based on an estimate of the mean fish density from a 
sample of measurement of fish densities, a measure of the variability of fish density, and 
thus of the degree of confidence we oan place in our estimate of mean density, oan be ob- 
tained by evaluating the variability among the fish density measurements in our sample. 
These density measurements are normally expressed as absolute, or relative, values (depend- 
ing on which of the methods described in section 3.3 bas been used) per unit area or 
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distance surveyed on the aoouetic transects. The estimate of mean density sad its variance 
can be calculated from the following equations: 



. 

mean density r 

where x i are estimates of fish density (e.g. density on each transect) n is the number of 
estimates of fish density 



The estimate of the total number ^of fish V in the area is the estimated mean density times 
the volume (V) in the area i.e. H V3E and the 95# confidence interval for the population 
estimate can be calculated from the formulas 

O.I. - ft (t.95) 

where t.95.df is the value of the "t" distribution appropriate to a 95% confidence interval 
and to n-1 degrees of freedom. 

If several areas of different densities are involved, the total number N. or weight of 
fish can be obtained by summations 



where m is the number of areas and V . and 5 . are the volume and mean density respectively 
in area j. J J 

The variance of the estimated total fish abundance is 

Var * t - V? Var(x ) 

x j-1 3 

and confidence intervals can be similarly calculated! 

C.I. H t t.95*df 



5! / - 
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where df v ^ 

where df 

Theoretically acoustic data do not usually have the ideal characteristics which are 
the basis of the above equations because the data are generally taken serially along some 
preset traokline sad thus are not completely independent , and because fish densities are 
often distributed lognormelly (Figure 8). However the mean density will be normally 
distributed even if the individual observations are lognoxmlly distributed and serial 
correlation is not likely to be a serious problem. Further discussion of statistical 
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considerations in survey design and data analysis are given in Oulland (1975), Bazigos 
(1975t 1976), MacHeill (1971), Shotton and Dowd (1975), Thorns et al. (1971) and Kathleen 
et al. (in press). 

3.4.2 Systematic errors (biases) 

As explained earlier, systematic errors or biases are of two typess those associated 
with the acoustic parameters and those associated with errors in the assumptions concerning 
the environment in which we are working* Errors in the acoustic parameters include errors 
in the system calibration and errors in the measured or assumed target strength. Of these 
two, the system calibration is the most critical , as the accuracy of both relative and 
absolute estimates is directly limited by the accuracy and reliability of the acoustic 
system calibration. Cfa the other hand, relative estimates of abundance, for example, year- 
to-year evaluation of relative abundance, can be accomplished without precise target strength 
information* 

Another potential source of error in this category is noise from non-biological sources, 
such as propeller noise or noise from the power supply. Echo integration systems are 
especially sensitive to this type of problem* 

The other category of error includes those associated with uncertainties about species 
composition, availability of fish to the acoustic gear, and questions of stock identity and 
migratory behaviour* Acoustic techniques will not provide species identification directly, 
but often there are clues to identity in the aooustic records which, with experience, can be 
applied* In some oases, catch records from a fishery can be used for species information* 
As a general rule, however, direct sampling of the targets giving the return echoes is 
necessary, especially in the early stages of a study when basic knowledge concerning distri- 
bution and echo traoe characteristics are lacking. Even with sampling capability, questions 
may arise because gear selectivity varies between species and with size within a species* 

The second problem in this category is the degree of availability of the species to the 
aooustic equipment* Acoustic systems cannot detect fish on the bottom, and most systems are 
not well suited for near-surface distributions* A surprising nuriber of supposedly pelagic 
spsoies exhibit demersal tendencies (Figure 9)* Diel acoustic surveys often show greater 
abundance at night because fish are on the bottom during the day* 

The final and sometimes the most difficult problem area is the question of stock iden- 
tity and migratory behaviour* An acoustic survey is generally aimed at assessing the size 
of a resource to guide development and management of a fishery* This management is most 
effective on a unit stock basis. If the identity of the individual stocks and their migration 
patterns are not known, then problems can occur even with accurate assessments of the abun- 
dance of the species in several areas and time periods* For example, it is possible that the 
earns stock could be harvested at two different periods in different areas without this being 
known, as a wintering stock in one location and as a spawning stock in another. Then even 
with relatively low apparent exploitation rates in each area, the overall effect on the stock 
could be substantial. On the other hand, if a stock migrates through an area, a substantial 
proportion of it may not be present in the area at any one time; alternatively the stock may 
migrate through the area quickly and be missed by surveys widely spaced in time, or the areal 
extent of the stock may be greater than assumed. For example, a herring stock which spawns 
in northern Puget Sound, in the northwestern United States, moves in to the Sound from off- 
shore, spawns and then leaves, all in a short period of time* Consequently, acoustic surveys 
must be made at frequent intervals to determine the maximum abundance, and even this value may 
not represent the total population (Figure 10)* 

3.4.3 General considerations 

The above examples illustrate why it is important to consider all sources of error* It 
is inefficient to expend considerable effort surveying a stock if the aooustic system is un- 
oalibrated and unstable* Conversely, it is not oost-effeotive to spend considerable funds on 
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a sophisticated acoustic system and apply it to a stock with questionable species compos- 
ition or unknown distributional characteristics. A biometrician or statistical consultant 
may bs able to help to design a survey and treat the data in order to get a mean population 
estimate within plus or minus 10, but the mean may be meaningless. The estimate of target 
strength may be off by 3dB (a factor of 2) or half of the stock may be located on the bottom 
unavailable to acoustic gear, or may not yet have entered the area* An electrical engineer 
or acoustician may be able to develop a highly reliable f accurately-calibrated acoustic data 
acquisition and processing system, but it will be of little value if the fish are not avail- 
able to the equipment or are not adequately sampled by the survey design. The fishery 
biologist who is using acoustic techniques must understand the sources of uncertainty well 
enough to make sound judgements as to where to expend his effort and money in order to max- 
imise the value of acoustic surveys. 

In summary t acoustic assessments can provide fairly rapid absolute or relative estimates 
of stock size in situations where the stock under study is not distributed so close to the 
surface, or to the sea bed, as to be unavailable to the equipment. 

Where the stock is detectable by echo sounding, the most appropriate acoustic technique 
of those described above, is largely governed by the equipment and trained personnel avail- 
able. The most reliable absolute estimate of stock size is provided by echo integration but 
it must be recognised that this requires sophisticated and expensive electronic equipment 
which is not widely available, and specialist staff who are capable both of using it and 
maintaining it in reliable working order. This equipment also demands accurate estimates of 
the target strengths of the species under study. The measurement of target strength is a 
complex procedure, outside the scope of this manual, but a good description can be found in 
Forbes and Nakken (1972). 

When such equipment and personnel are not available, much useful information can still 
be gained by eohogram analysis, particularly if the sounder has a good time varied gain 
facility, using the methods described in sections 3-3.1.1 - 3.3.1.3* and if an oscilloscope 
is also available by the method given in section 3*3.2. Such methods do, however, require 
considerably more painstaking analysis subsequent to the survey and a certain element of 
subjective judgement. 

It must also be borne in mind that any form of echo assessment is normally capable of 
giving absolute or relative ertimates only of the abundance of the total assemblage of target 
organisms in the area surveyed. It does not distinguish between species; and therefore if 
a species estimate is required it is necessary to sample the organisms which provide the 
returned echoes by fishing. The catch must then be analyzed for species and for length 
distributions both within and between species so that the total estimate from the acoustic 
equipment can be subdivided between the species contributing to it. Purse-seining, midwater 
trawling or high headline demersal trawling could all be suitable fishing methods for this 
sampling. The choice between them would be primarily dependent on the depth distribution of 
the returned echoes and on the vessel and fishing gear available. 
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4. INDIRECT METHODS FOR FORECASTING FISHERIES POTENTIALS 

There are several approaches to tht assessment of the potential fishery resources of 
the oceans. In this chapter a review of indirect methods which can be employed will be 
given. Assessments baaed on primary production make use of the physical and chemical 
characteristics of the sea area and of the ecological relations of these to phytoplankton 
and to higher levels in the food chain, culminating in fish. Zooplankton productivity ia 
one step oloaer to fiah and it may also be used to forecast fisheries potentials. Data 
obtained from stomach content samples of higher trophic forms, e.g., fish, mammals and 
guano birds can also provide a first estimate of what fish are available* Although fiah 
egg and larval surveys make use of quantitative observations on the resource itself, this 
method is considered here as an indirect approach and is discussed in this chapter* 

4*1 Primary Productivity 

A number of authors have tried to estimate potential fish production of a sea area 
uaiag data for the annual primary production of that area (Graham and Edwards, 1962} 
Schaefer and Alveraon, 1968} Ricker, 1969} Syther, 1969)* In theory this is a logical and 
simple procedure* If one has accurate estimates of the annual production of primary 
organic matter in an area, and knows the paths by which this is transformed into higher 
trophic levels and the ecological efficiency with which these transfers take place, it 
would be a aimple matter to follow the transfer of primary production to fish flesh and 
calculate the resulting annual production* Three main factors make this procedure one which 
is likely, in most oases, to give estimates which are only indicative within an order of 
magnitude: 

(a) except possibly in areas with little seasonal or annual variation in primary produc- 
tion the basic estimates of such production are likely to have very wide confidence 
limits unless a major effort is expended on repeated surveys) 

(b) the food chains by Which primary production is converted into fish, and other higher 
trophic forma, are normally very complex and are generally not known in adequate 
detail* 

(o) information on the ecological efficiency with which energy is transformed from one 
trophic level to the next is also only known within rather broad limits* 

In default of any other basis, however, such work can give useful indications of whether an 
area is likely to contain fish resources in adequate quantities to justify mounting a 
survey using more direct methods to assess their potential fish production* 

4.1.1 Background information on existing estimates of primary productivity 

Many estimates of the primary production in the sea have been carried out baaed on 
different methods* Some of these estimates are listed in Lorensen (1976). Steemann 
Nielsen (197?) also gives a summary of the work on primary production in different areas 
of the oceans. Soviet scientists have made the most up-to-date world coverage consisting 
of more than 7 000 productivity observations (Koblento-Mishka, Volkovinalqr and Kobanova, 
1970)* They have estimated the total primary production of the world oceans as 1*5 to 1.8 
x 101 tons carbon fixed annually* Generally sea areas may be divided into three types on 
the baaia of their productivity (Table 5). 

- open aea areas, which have the lowest primary production per unit area; 

- coastal waters which are intermediate in primary production! 

- upwelling areas, which have the highest primal? production per unit area* 
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flable 5 Division of tha ocean into provinoea 
according to their level of primary 
organic production, (Adapted ftom 
Rjrther (1969)) 



Proviaoa 


Ptroantag* 
of ooaaa 


Ar^fk. 2 ) 


MMH 
productivity 
(frams of 
oaroon/m^/yr) 


Total 

productivity 
(10$ ton* of 
oarbon/yr) 


Opta ocean 


90 


326 x 10 6 


50 


16.3 


Coastal xonr-' 


9.9 


36 x 10 6 


100 


3.6 


Ujwlling art** 


0.1 


3.6 x 10 5 


300 


0.1 


Total 








20.0 



\j Includes offshore aroma of high productivity* 



412 Estimation of fiah production froa primary productivity estimates 

In order to oatimato tha affioienoy of tranafar of anargy from primary production to 
fiah one haa to simplify tha complex foodweba in tha aaa into a simple chain of trophic 
levels* This may lead to errors which can make tha estimates either too high or too low* 
In addition, there ia tha element of uncertainty regarding tha efficiency of tranafar of 
energy from the primary to tha secondary and from tha aecondary to tha tertiary production. 
Finally, it may be difficult to know at which trophic level one ia harvesting. Several fiah 
species will act as herbivores during one part of their life cycle and carnivores during 
another (Ryther, 1969)* Carnivorous fiah may alao feed at several trophic levels. 

Schaefer (1965) haa calculated tha productivity at tha higher trophic levels with three 
different values of ecological efficiency (Table 6). The choice between two adjacent trophic 
levels involves a possible error of one order of magnitude or more, depending on tha "ecolo- 
gical efficiency" factor chosen. 

The figures given in Table 6 are simplified and do not take into account that tha 
ecological efficiency of a fiah will change during ita lifetime. Young fiah may have an 
efficiency of 15-20 percent, while oldar individuals may have an effioien^rof 10 percent or 
leaa (Staala, 1965). Tha overall efficiency of tha ecosystem will clearly be highest when 
harvesting is done at the lowaat trophic level (Petipa, Pavolova and Krone v, 1973)- 

It ia aymptomatic of tha uncertainty about many of tha critical factors in the equations 
relating fiah production to primary production that although both Gushing (1969) * Ryther 
(1969) estimated total fiah production in tha Para Current eystem at about 20 million tons, 
they arrived at this figure using vary different valuea for the same parsaatera* la Panlik 
(1971) haa pointed out, if Gushing had used Ryther's ecological efficiency factor of 0*12 
rather than the value of 0.01 which ha did uaa, ha would have estimated fiah production at 
about 240 million tons. Thus, even in an area which ia fairly well-known and which has been 
the subject of a considerable amount of ecological reaaarch one can arrive at vary different 
estimates of fiah production by selection of different valuea within tha poaaibla rangea of 
tha parmetera. 
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Table 6. Brtiaataa of annual potential yialda 
at various trophic lavala, in mtrio 
ton*. (Adaptad froa Sohaafar (1965)) 



Trophic level 


Ecological efficiency factor 


10 percent 


15 percent 


20 percent 


Carbon 


Total 
weight 


Carbon 


Total 
weight 


Carbon 


Total 
wiht 


0* Phytoplankton 
(net particulate 
production) 


1*9x10 10 




1.9x10 10 




1.9X10 10 




1* Herbivores 


i*9xio 9 


1.9X10 10 


2.8X10 9 


2.8x10 10 


3.8X10 9 


3.8x10 10 


2. 1st stage 

carnivores 


i.9xio 8 


1.9x10* 


4.2x10 8 


4.2x10* 


7.6x10 8 


7.6xl0 9 


3* 2nd stage 
carnivores 


1.9x10 7 


1.9x10 


6.4x10 7 


6.4x10 


152xl0 7 


15.2X10 8 


4* 3rd stag* 
carnivores 


1.9x10* 


1.9xl0 7 


9.6xl0 6 


9.6x10 7 


30.4X10 6 


30.4X10 7 



4*1*3 Methoda of measuring priaary production 

Various ethod can be ueed to meaeure the primary productivity. One nay for example 
estimate the in aitu production from eamplee of water collected from specific looations and 
depths by measuring oxygen production or uptake of carbon. 

Until about 1950 the most common method was to measure the oxygen production. The 
amount of oxygen released in a given volume of water during a time period is proportional 
to the amount of carbon assimilated through photosynthesis. When the amount of oxygen pro- 
duced is measured one can therefore calculate the phytoplankton production (steemann 
Nielsen, 1975). This method is time-consuming, rather laborious and difficult to carry out 
in situ. Moreover, if the primary production is low, the sensitivity of the method used 
TwinkTer method) for measuring dissolved oxygen is inadequate. Nowadays therefore oxygen 
measurement is almost completely substituted by direct measurement of carbon assimilation* 
This method was developed in the early 1950* s and makes use of radioactive carbon (He). 
The method is quite simple but requires some knowledge of working with tracers (Vollenweider, 
1974). To a certain volume of water is added a known amount of He and after some time the 
phytoplankton is removed ty filtration. The filter is fumed in HC1 and the ^C assimilated 
in the phytoplankton is measured. When this method was first introduced the assimilated ^ C 
was measured by a Oeiger-NUler counter. This has now been commonly replaced by liquid 
scintillation counting which together with other modifications, has made the method more 
accurate (Sohindler, Schmidt and Reid, 1972| Gushing, 1975)* Steeman Nielsen (1975) states 
that the accuracy of the 14 C technique is not more than about *3O percent. Considering tne 
enormous variation of the rate of primary production in nature this is acceptable. 

Primary production can also be estimated ty measuring directly the quantity of phyto- 
plankton per unit volume of water. From this standing stock the productivity can be 
estimated if the turnover time is known* 
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The amount of certain plant pigments in the water ha* also been used at an index of 
standing stock. The pigments, especially chlorophyll a, are extracted from the plankton by 
using 90# acetone, and the enount is measured by speotrophotometry or fluorometry 
(Strickland and Parsons, 19681 Gushing, 1975)* This method, however, has the disadvantage 
that it does not show if all the pigment measured is active in photosynthesis because it 
also includes the degradation products of chlorophyll (phase-pigments)* Recently, measure- 
ments of fluorescence before and after acidification of the sample have permitted estimation 
of the amount of phaeo-pigments, thus allowing a better estimate of active chlorophyll a 
(Strickland and Parsons, 1968). These methods are thought to be less accurate than the" 
oxygen or 1 ^C methods* 

Another method under development is based on excitation fluorometry of chlorophyll a 
( Samuel sson, Oquist and Halldal, 1976). The pigment will relsase an amount of fluorescent 
light which is inversely proportional to the photosynthetic activity, depending on physio- 
logical conditions* When the photosynthetic activity is at a minimum, the amount of 
fluorescent light reaches its peak* By measuring the emitted fluorescent light of chloro- 
phyll a in vivo before and after stopping photosynthesis ty adding poisonous chemicals, one 
gets a measure of the amount of chlorophyll a and an estimate of relative productivity* 
The advantage of this method is that it can be run continuously during a cruise, and it is 
possible to get consecutive measurements of the primary production at a certain depth* The 
method can also be applied to water samples from deeper layers* Although not fully 
developed at present, this method seems promising and mey simplify the measurement of 
primary production* 

4.1.4 Evaluation of usefulness of primary production estimates as a guide to 
fish production 

Even in the situation where the annual primary production can be measured, with 
acceptable accuracy, easily and cheaply it is clear from what has been said above that 
estimating from this the production of fish is likely to provide only very rough answers 
unless a great deal of basic background information is available on the total biota of the 
area under study, of the inter-relations between the elements of this biota at all stages 
of their life-cycles, and on the efficiency of energy transfer between them* In most sea 
areas therefore, where little such information is available, it cannot be advocated that 
the necessary effort should be expended on producing precise estimates of primary production* 

However where even rough estimates of this production an available some useful first 
estimate of likely fish production might be obtained by comparison with other areas, for 
which both estimates of primaxy production and of fish production are available in the 
literature* Provided the species of fish available in the two areas are feeding at the 
same trophic level it would be a reasonable assumption that the fish production in the two 
areas would be roughly proportional to their primary productions* An estimate of fish 
production obtained in this way would be unlikely to be sufficiently reliable as a basis 
for developing a fishery! but it could provide a first estimate on which to base a judge- 
ment whether a project to assess the potential ty more direct methods was justified* 

4*2 Zooplankton Abundance 

As with phytoplankton, the abundance of fish and other higher marine forms must be 
related to the standing stock of sooplankton, and attempts have been mads to forecast 
fishery potentials from the standing stock of sooplankton (Gushing, 1969} Syther, 1969)* 
However, the problems of measuring standing stocks and estimating total sooplankton pro- 
duction are generally greater than for primaxy production* The total standing stock bio- 
mass of scoplaaktoft can be assessed, but the sampling coverage required in time and space 
is considerable and involves a good deal of costly survey vessel time* 
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Plankton gears are generally very seltotive and several types of sampling devices 
art required to collect different oompomrata of the sooplsakton (Freser, 19681 Aoterfors, 
1971 ) The need for MOM comprehensive quantitative knowledge of sooplaakton haa high- 
lighted many sampling problems* Questions aroee concerning mesh aiaa and material, tha 
volume of water ill tared, measurement of tha dapth of sampling, oloaing devices, speed of 
tow, avoidance, etc* 

fly modifying tha mesh sise of tha nat it ia possible to oatoh oartain portions of tha 
available eooplankton. If ona uses tha finaat mssh aiaaa to enable tha oaptura of tha 
smallest tooplankton organisms, tha nat ia not affaotiva for capturing larger sooplaakton* 
Therefor*, a variety of nata and meeh aicaa naad to ba uaad f to sample tha diffarant aiaa 
fraotiona of tha total sooplaakton population* 

In ordar to gat reasonable abundanoa estimates, ona haft to know at which dapth tha 
art ia aanpling. Until raoantl/ tha aaapling dapth haa mainly baan aatiaatad froai tha 
langth of wira uaad and tha wira angla Today, tha aaapling dapth oan ba maamrad 
aoourataly, a.g*, by daptb-tiaa raoordara Nora aophiatioatad talanataring ayataaa hanra 
alao baon developed to aatiaata tha gaar dapth* Tha inforaation oan ba paaaad baok to tha 
ahip aithar alaotrioally throu^i a oorad oabla, or ty aound iapolaaa tranamittad through 
tha watar and piokad up by a towad aiiorophona* Tha dapth oan than ba adjuatad if daairad 
during towing* 

In auaai*y, tha Tariaty of forma and aiia groupa aaka it difficult to obtain quantitar- 
tiva aatiaatas of tha total atanding atook of aooplankton* Biffaranoaa in gantration tiaa 
atoa it artn aora diffioult to oaloulatt aooplankton production, i.a., tha Mount of naw 
atarial baing produced par unit of time. Although atanding atooka of many important aoo- 
plankton forma art commonly estimated, thia work aeema to be of little value in foreoa0ting 
fiahery potential a. The reeulta obtained, however, may be quite uaeful in future, 
particularly if new technology matea it poaaible to harveat the larger cooplankton forma 
directly. Aa pointed out in aeotion 4*1*4 the likely accuracy of any direct eatimate of 
fiah production, derived from eatimatea of aooplankton production, would not aera to 
Juatify initiating a rorrey programme with thia objective. However, if reasonably aound 
eatimatea of aooplankton production are available they should be utilised to make a rough 
comparison with any other area for which both sooplankton production and fiah production 
estimates are available* Again, however, it ia neoessary to take account of the trophic 
level at which the fish stocks in the two areas to be compared are feeding* 



4*3 Bgg and Larval Sur 






Surveys to estimate the abundance of the planktonio egg and larval stages of fish 
could, theoretically, be used both fort (a) estimating future recruitment to the stock and 
(b) for baok calculating the sise of the stock which would have been necessary to produce 
that number of early stages. In practice, in fiah stocks which have not been over-exploited 
there is generally no direct relationship between the abundance of the early stages, and the 
recruitment} the first of these procedures therefore is not normally practicable, although 
aurveya to estimate recruitment from some later, post-planktonio stage m*y be desirable* 

The concept of estimating the abundance of the spanning stock of a fish population 
from egg end larval surveys is simple* The spawning stock sise can be obtained from the 
following expression 

fetal number of eggs produced during one spawning season - number of spawners x pro- 
portion of females in the spawning stock x average numbers of eggs produced per female. 

i.e. V P 

where V - number of mature fish in the stock 

P - annual egg production of the stock 

P m mesa number of eggs produced annually per female 

R - proportion of females in the mature stock 
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Thus, if tha number of eggs produced during a year oan IMI estimated, and the proportion 
of females in the took* Md the average number of egga produced ptr female ptr year arc 
known, tha site of the spawning stock oan be calculated. 

The techniques for eampling eggs will ba diffarant for apaoiaa with planktonio eggs 
and species with demersal egga. For apaoiaa in which tha egg ataffa ia planktonio thara ia 
tha obvious advantage that they ara usually oonoantratad ia tha uppar layer of tha sea, 
whara smapling with relatively aimple plankton gaara 9 for which tha awapt volume oan ba 
eaaily measured, ia poeeible. Demeraal aggs oan ba sampled tgr divere or by uaa of graba 
(QUoeaater and Siuitra, 1974). 

Tha aquation abova will giva tha size of tha spawning stock ia numbers. Qanarally 
however one ia more interested in tha weight of tha stock* In practice tha relationship 
between fecundity and weight ia usually a simpler one than tha ralatioaahip between 
fecundity and length. So it is preferable to use fecundity per unit weight in tha above 
expression rather than average number of eggs par female* In that oaaa it will give tha 
weight of tha apawning stock directly. 

Aa eetimate of number of agga produced may be obtained by aampling eggs of known age 
at a aeries of points in time and location and than integrating over area and time to gat 
the total production. Estimates of egg production may also be baaed on abundance of 
larvae of a certain age but in that oaae the obaerved number should be corrected for aqy 
mortality occurring from tha time of spawning up to tha larval atage in question. The 
time that tha apawning products remain in tha atage used in tha estimate must also ba 
known in order to be able to calculate how maqy day* 9 production tha observed numbers 
repreaent. 

The procedure to get from aurvey valuea of the standing stocks of agga to an 
eatimate of tha siaa of the apawning atock oan probably be beat illuetrated ty worked 
examples 

Period of survey Estimated egg abundance Daily egg production 

in aurveyed area 

3-5 September . 8225 x lof 3290 x 10? 

6-8 September 122765 x 1( 49106 x 1( 

10-12 September 413795 at 10? 165518 x 10? 

13-15 September 530215 x 10? 212086 x 10? 

16-17 September 609375 x 10? 243750 x 10? 

19-21 September 438020 x 10? 175208 x 10? 

2>25 September 209225 x 10? 83690 x 10? 

26-28 September 55288 x 10? 22115 x 10? 

29 September 1 October 2313 x 10 925 x 10 

Bia eggs take 2.5 daya to paaa through tha stage uaed in tha estimates of standing 
stock, ty dividing tha values in column 2 in the table abova ty 2.5 one therefore geta 
the valuea of daily egg production given in column 3. ft> integrate theae values over 
time they ara them plotted against tha mid-data of each aurvey as in Figure 11. The area 
under thia graph ia equal to 153*25 Isrge aquares each of which rapreaents 2 x 101 eggs 
on tha aoala uaed. Tha total annual egg production ia than equal to 153*25 x 2 x 10 10 egga 
306.5 x 10 10 M fecundity-weight ralatioaahip of thia stock is P - 22.4H, where F - 
fecundity of a female af weight H in grass* Bma eaoh 22.4 HI* produced repreaant one 
grssi of female spawning bioMas t which in total moat have amounted to (306.5 x 1010 egga)/ 
C22.4 sggs/gr) . 13.7 x 10^0 gr . 137 x 103 tone. If tha aax ratio of tha spawning popula- 
tion far weight) warn 1H during tha survey, tha total spawning biomass (males and females) 
waa 2 x 137 x 103 - 274 000 tone. 
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flttrt art, howtvtr, a muter of prerequisites for tht successful use of this method to 
obtain aoouratt tatimatts. IHt problems of identifying tht tggs and larva* mat bt solved, 
and tht extant of tht possible spawning araaa and tht pariod of time over which spawning may 
taka plaot should ba known to give a baaia on which to plan an adtquatt sampling programme 
(Sarillt, 19641 Saateredal, 1973) In tht warm watara of tht tropioa and aubtropioa tha 
dtvtlopmtnt of tha tggs a4 lanraa ia rapid and this oan cause special sampling problems 
with ragard to covtragt* At low latitudes tht spawning of fiah ia oftta laaa restricts! 
both ia timt and in location than in ooldar ragiona and thia also inoraaaaa tha raaaaroh 
af fort ntedtd. 

lilt trrors involved in estimating tha annual production of fiah tggs and lanraa havt 
baan disousstd by several authors, t.g., Saville (1964)1 English (1964 A 

Tht main sources of varianot arai 



- tha variation batwaan hauls made at tha sans location? 

- tha variation in abundanoa batwaan locations* 

- tht variation in timt within a spawning stason* 

Ibt first two sourots of variation will givt a varianot on tha tstimattd tgg or 
larval abundanot at tht timt of a singlt oruist* Tht main contribution to this varianot 
is usually tht variability bttwttn locations and to minimise this source a stratifitd 
sampling design, similar to that described in Chapttr 2 for resource appraisal surveys 
should bt adopted* 

Bit main contribution to tht varianot of tht tstimattd seasonal tgg production will, 
howtvtr, in most oasts bt tht variability in time. It is obvious that large errors oan be 
introduced if sampling is confined to relatively short periods. One may happen to sample 
tht eggs or larvae) at tht ptak of production in one ytar but miss it in another year* Thus, 
both absolute and relative tstimatts of abundanoa may bt subject to large errors. To plan 
the beat sampling dtsign tht range of spawning time and the timing of its modt(s) should bt 
known* 

In tht tzmmplt shown in Flgurt 11 tht spawning stason is relatively short and within 
thia tht frequency of tgg production follows fairly closely a normal distribution* This is 
an ideal situation in which tstimatts of tht annual tgg production of adequate accuracy 
oould be obtained by a lowtr survty frtqutnoy than was uatd in that instance. In tht oast 
of a longer period of spawning, and a lass regular sequence of tgg production, tht survty 
frequency ntotssary to get a sufficiently accurate tstimatt of annual egg production may 
bt too great to make thia mtthod of asstssing spawning stock sire practicable* As ia tht 
oast of estimating tgg production within a survty from individual station obatrvations, a 
major gain in precision oan be achieved ty increasing sampling near tht expected modes of 
tht production curve, and dtcrtasing tht frequency at its tails* 

There art also seme possible sources of bias in the tstimatts* Of thtst tggs and/or 
larval mortality is tht main ont. An tstimattd number of tggs or larvae of a otrtain age 
should bt oorrtcttd for any mortality which has occurred up to tht end of that age* Thtre 
art very ftw instanots where egg and larval mortality has bttn adequately measured and to 
do so demands a major input of effort aimed sptcifically at this objective. Wherever 
practicable therefore asstasment of stock sist should bt baatd on tha earliest stage after 
spawning poaaible - preftrably on a stage where maximum age is not greater than three days* 
The ftw adequate measures of mortality available would suggest that mortality during thtst 
early stagta is of tht order of 5-10 ptrotnt ptr day. A rtasonablt approximation would 
therefore bt to divide) am estimate of early tgg production by 0*9 to correct for mortality 
daring thia stage* 

Irrors may also arist from tht estimation of fecundity* These art likely to bt of 
minor importanct for total spawntrs but tstimating ftoundity is rather difficult for 
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spam*!* beoauae in their early maturity stagaa all th* oooytes due to be spawned in 
ona spawning cycle may not yet hava baan diffarantiatad and, in latar stages, some of tha 
firat agga to davalop MOT already hava baan epawned. To gat an estimate of annual fecundity 
for auoh apaoiaa it ia necessary to know tha number of spawnings par year, tha number of 
agga ahad in aaoh batch and tha ralationa between thaaa factors and tha aisa and age of tha 
fiah* Flaohar and Balboatin (1970) hava daaoribad taohniquaa for aorting oooytee into aiM 
groupa and aubsaapling than whilst Naoar (1974) haa daaoribad a aathod baaad on hiatolo- 
gical examination of ovaries during a complete spawning cycle* This method haa given use- 
ful results for horse mackerel but is vary time consuming. 

Thus tha methodological problems in and tha confidence limits of assessments baaad on 
agg or larval aurvaya will depend vary *uoh on tha extension of tha spawning in time and 
location* In oaaaa where tha timing of intensive spawning ia not known, or ia wide, re- 
peated sampling over tha whole spawning period ia neoeeaaxy to avoid large errors. Such 
rapaatad sampling will require a great deal of sampling effort if spawning takes place 
over a large area* 

Despite the potentially large errors which could be involved, there are a number of 
examples which ahow that auoh aurvaya can be useful (Saville, 19651 Tanaka, 1974)* They 
may alao be helpful in detecting tha presence of potentially exploitable fishery 
resources in little known areas. A detailed discussion of tha planning and conduct of 
iohthyoplankton surveys is given by Smith and Richardson (in press). 

Generally speaking, agg and larval surveys make heavy demands on vessel time and alao 
on specialist staff for prooaaaing the samples. Tha sampling operation is, on tha other 
hand, simple and can be dona with almost any type of vessel. The ooata of auoh aurvaya 
will atill be rather high and a careful comparison should always be made of tha relative 
ooat effectiveness of this and tha other more direct survey methods discussed in the pre- 
ceding chapters. Sampling for agga and larvae can often be incorporated into other survey 
programmes without much additional ooat and effort* Tha sampling design of auoh surveys 
will | however, seldom meet tha requirements of proper agg and larval survey and tha 
material collected will therefore be of only limited value for resource assessment. Use- 
ful indications may atill emerge from auoh incidental programmes on tha distribution of 
spawning concentrations of fiah and on what fiah are available in tha area. Although it 
cannot, in most circumstances, be advocated that agg aurvaya be undertaken specifically 
to estimate stock size, data already available on agg abundance should certainly be 
examined to aaa whether avan rough estimates can be derived from then to sat tha scale of 
other work* 

4*4 Examination of Stomach Contents of Higher Trophic Forms 

The stomach contents of carnivorous fiah or othar animals feeding near tha top of tha 
food chain may provide useful indications of the presence and rough estimates of tha 
abundance of fiah resources. The abundance of tha predators themselves will in auoh oaaaa 
be an important parameter in assessing tha data* 

Theoretically if ona knows tha abundance of tha predators feeding on tha resource 
which ona wishes to assess, tha annual energy requirements of an individual predator, and 
tha proportion of tha food intake of tha predator which tha apaoiaa under investigation 
provides, ona can calculate how much of that resource the predator ia removing from tha 
aaa annually* Thia than provides a lowar estimate of tha production of tha resource. To 
refine tha estimate beyond that level requires an estimate of tha natural mortality rata 
of tha resource which ia being aaaaaaed, and of tha proportions of that mortality caused 
by diaease, othar predators, ate* The calculation of accurate estimates of production 
from this sort of data therefore damands a vary complete knowledge of tha ecology of both 
tha pray apaoiaa and of tha predatorf and this ia vary rarely available* Thia approach 
therefore ia only likely to be appropriate to give a firat, minimum estimate of tha aisa 
of a pray stock that ia tha dominant food of a large predatory population, which can in 
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ite turn be more readily assessed, or has already been assessed* ftnsiples where this type 
of approach have been utilised are Peruvian anohoveta from the abundance of guano birds 
and the guano production ( Sohaefer, 1970) and Antarctic krill from whale abundance 
(Bverson, 1977)* Changes in the stomach contents of a predator may also indicate changes 
in the abundance of a prey species* Analysing stomach contents of higher organisms may 
be a rather cheap way to get useful information as it may be a spin-off from other biolo- 
gical investigations* 

An estimate of absolute abundance with any degree of precision can, however, very 
rarely, if ever, be expected from this method* Ibis is due to uncertainties concerning, 
for instance, the selectivity of a predator* The predator may prefer certain fish species 
and certain sise groups of the prey, or it may not discriminate among food items, taking 
anything available* Feeding habits may also vary in time and space* 
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5. D1TA COLLECTION AHD RECORDER* 

The methods employed in collecting data and the ways in which these data are recorded 
are of vital importance to the successful conclusion of a fisheries survey* Data collected 
at sea are unique and costly and if the initial information is recorded incorrectly or in- 
adequately the later stages of the analysis may be invalidated and the objectives of the 
survey may not be achieved. 

In many oases information is recorded under adverse conditions and personnel may not 
be operating as efficiently as they would on shore It is important, therefore, that all 
sea-going staff are trained in the essential features of data recording and that a system- 
atic method of handling data is used by all the staff engaged on a survey. Associated with 
this is the design of appropriate recording documents which will ensure that the infor- 
mation to be collected is systematically recorded and can be easily checked, and that further 
analyses do not involve unnecessary transcribing of data. 

When large volumes of data are to be collected it is quite common for the information 
to be processed automatically. This involves other staff than those who recorded the infor- 
mation at sea. Frequently these data processing staff will be unfamiliar with the material 
recorded and will enter information into the computer exactly its written. Incorrectly re- 
corded data, illegible, or ill-formed numbers therefore may present problems which will not 
necessarily be corrected at later stages and which could thus lead to incorrect conclusions 
being drawn from the analysis. 

5.1 Data Selection 

It is difficult before an exploratory survey begins to know precisely the type and 
quantity of information to collect. It is natural to try to record as much as possible and 
in as great detail as possible. One then finds that this puts too heavy a strain on sea- 
going staff, to the detriment of the really essential data. Frequently much of the sub- 
sidiary data recorded in this way cannot be used* as it is not quantitative or is recorded 
in a non-standard way. 

The offioer in charge of a survey has the responsibility for the success of the project 
and must decide on the essential data to be recorded and distinguish these from the merely 
desirable. He must ensure that the standards of data recording laid down for the survey are 
maintained and that the requirements demanded of the cruises are compatible with the numbers 
and level of staff available to carry out the duties. 

The main objectives of a fishery survey are normally to estimate the distribution, 
abundance and potential yield of certain species within the survey area. For this purpose 
it is necessary to record precise information on where each species was caught, the condi- 
tions under which the catches were taken, when the catch was taken and the Mount taken for 
a given unit of effort. The amount caught may be recorded in various ways (e.g. number of 
baskets, total weight, numbers of fish) depending on the objectives of the survey, and the 
conditions on board. 

It is essential, that these major objectives are borne in mind and that the documents 
prepared before the cruise are suitable for recording the required information* The staff 
concerned with recording the information must be instructed in the correct procedures and 
the standard of documentation expected. 

5*2 Data Records 

Properly designed recording documents will make the correct recording of essential data 
easier and less time-consuming. If the information collected on a fisheries survey is to be 
collated and analysed by a computer it is necessary to have data recorded in a precise format, 
and any ambiguities must be resolved before the recording documents are presented to the 
computer centre. For this reapon, staff concerned with the computer processing of cruise 
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results must be consulted on the design of recording documents, and their essential require- 
ments should be included in the design. 

If data have to be prepared on punched cards prior to computer analysis, the recording 
document should reflect the punch card format, so that the cards can be easily and quickly 
punched. Tbere are forms of computer input other than punch cards which may be used by a 
computing centre and the needs of these methods of input should also be considered where 
appropr ia t e . 

The major features of a good data record ares 

(a) It is convenient for recording information, i.e. it contains sufficient space for 
entering numbers without cramping them and the layout of the document follows the 
natural operations of the recording staff. It is extremely annoying to have to 
record at the top of a sheet, go to the bottom of the sheet for the next entry, and 
then return to the top again for the third entry. 

(b) It is explicit in its requirements. The document should have titles and questions 
preprinted so that recording staff know precisely the nature and quantity of infox*- 
mation to be recorded. 

(0) It can be used for subsequent processing without the need for transcription to 
another document. Copying information by hand from one document to another is very 
inefficient, and is often a source of major errors. 

. (d) Its layout is as clear and simple as possible, to enable a supervisor to check for 
major errors or misreoordings. 

(e) It should be preprinted with as much information as possible to reduce the amount of 
writing done at sea. If two or more copies of the data are required these should be 
made at the same time with self-copying paper. 

Several documents are usually required to record all the information collected during 
a survey. These are in the following categories: 

(1) a log which summarises the whole cruise; 

(ii) details of individual stations or hauls which will generally provide information on 
the vessel's position, data and time of the station and information on the type of 
work done, e.g. giving details of the kind of fishing gear used; 

(iii) information concerning catch, which will often be in the form of length frequency 
distributions! 

(iv) a document to record special biological information; 
(v) an eoho sounder survey log. 

Included here are some examples of documents designed for fisheries surveys which have 
proved to be effective, not only as convenient documents for recording data at sea but also 
for subsequent analyses, whether done manually or by computer. These forms wen, of course, 
designed for a particular laboratory's requirements and so will require modification to suit 
the needs of other surveys. For example, they are not directly suitable for transferring the 
information to punch cards, but could easily be adapted if this were a requirement. 

5.3 Survey Identification and Description 

Mfcny fisheries institutes make a wide variety of cruises each year with different objec- 
tives, e.g. exploratory fishing or resource surveys, acoustic surveys, or others designed 
essentially to collect environsental information. Bach cruise must be identified and class- 
ified as to its nature so that the information collected can be retrieved correctly and 
economically at a later date. 

If an exploratory survey ! to be done by several vessels, possibly as a collaboration 
between different laboratories or countries, an agreed method of identifying the survey must 
be used and standardised methods of reporting the collected information should be considered 
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in the survey planning stage. Bon-standardised reporting can cause considerable difficulties 
at later stages when the data are being analysed. Pbr example, lack of decision on whether to 
report time as local or GMT will lead to confusion when collating data if analyses involving 
time of day are required. 

It is customary to identify a survey and individual cruises and stations within a survey, 
by a short name or, in the oase of a single vessel cruise, by a short code such as F76/3/10, 
which would identify the vessel by the first letter of its name, the year of the survey, the 
survey sequence number signifying in this instance that this was the third survey or cruise 
in 1976 and the haul or station identification within that survey. Other more elaborate 
coding methods may be employed to identify a survey and its component parts, but the main point 
to note is that a systematic procedure is employed and that all personnel involved in record- 
ing information are aware of the coding requirements. 

Apart from the cruise details other relevant information such as different gear types 
used during a cruise must be recorded. When frequent changes are made in the course of a 
survey it is much easier to identify the changes by coded information than to have to write 
out in full the details of eaoh gear specification each time. 

5.4 Station Identification and Recording Observations 

Precise and full information must be recorded on where a survey vessel was working, when 
the work was done and the conditions obtaining at that time. This information is associated 
with the detailed measurements of species caught and other biological data and forms the 
basis for the analysis of the data for the whole survey area. The data from individual hauls 
are frequently aggregated over specified areas or strata, or over separate time periods and 
it is very important that the information collected defining the location and timing of a 
station or haul is accurate. 

Figure 12 gives details of the kind of information recorded to identify a station or 
survey position. While this form is designed primarily for trawling or seining operations it 
'can easily be adapted to handle other forms of fishing operation. For example, in purse- 
seining it may be considered necessary to include searching time as an additional measure of 
effort, or in longlining the number of hooks may be a required measure. When a particular 
kind of fishing gear is used an appropriate measure of effort must be defined and incorporated 
in the recording document. The essential point is that an accurate measure of location, 
effort and time is recorded during the station. 

Figure 12 then provides a complete general summary of fishing operation at the defined 
station. All information required is requested by the document and can be systematically re- 
corded and verified, by the officer in charge of the cruise, for errors before it is assem- 
bled with the rest of the recorded data from the station. 

The first part of this form should be completed by the ship's officer responsible for the 
navigation of the vessel and it is checked by the scientist in charge. The haul number, which 
is normally allocated in a time sequence, is conveniently displayed so that it can be checked 
that there is a form for eaoh haul made. Full instructions are given for completing the 
entries in eaoh location and such instructions should be included in the Standing Instructions 
for recording data at sea. For example, the instructions for completing this part are: 
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HAUL 1UMHSR A tequenoe identifying vottel, year, oruite 

and haul, e.g. 177/2^7* All htolt, whether 
ditoardad or accepted at a later ttage, mutt 
be given a number* 

STATISTICAL 3QQARB A coda mater for an appropriate tub- 

di vision of tht total turvey area* In this 
oaao tte sub-divisions uaod art 30 allot 
quart tat if this it inappropriate elte 
tivt tub-divisions may bt 



TIME SHOT Fbr a trwl this it dtfintd at tbt tint when 

tbt winch it ttt* For other gtart intert the 
appropriate tiao for the defined start of the 
flthing operation. Times thould be given in 



TIME HAULED For a trawl thit it tht tine when retrieval 

of the net begins. For other gears enter the 
tis ftor the dtfintd completion of tht fishing 
operation. 

DORATIOI OP HAUL Ibe dif ferenoe in time between time hsuled and 

time shot. This entry is often useful for 
checking pottible errors in the previous two 
observations and may alto bt tht required unit 
of effort for that haul. 

COURSE Measured in degrees. 

REVS flu engine revolutions at which the vessel 

fithed. 

WARP AFT The length of warp paid out during tht haul, 

id in fathoms or metres. 



BEPIH The bottom tounding ftom tht eoho sounder, in 

metres. Where thit varies during a haul give 
tht depth at tht beginning and the end of the 
haul or the range of readingt. 



LATITUDE SHOT 
LOKIIUDB SHOT 

LATITODE HAULED 
RAQUD 



Tht aoourate location at iriiioh thooting and 
hauling were ttarted tad completed^ The 
difference between thete two positions will 
allow tht actual distance over which the gear 
was towed to bt meatured. 
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For this entry there art four choices vis. 
MMI, MY, DUSK or DARK. This divide each 
24 boor period into four parts and the tain 
features of f for example, MY haul* can bo 
ztraotod by clarifying by this entry. 



MUD 



(a) 



measured in degrees, and 

on ths Beaufort soale. 
this information may be used to qualify the 
results of a particular haul. 



this is not to be confused with the haul 
number which ie in strict numerical sequence. 
Ihe station number should be fixed fbr each 
fishing position at the survey planning stage 
and nay be the same for cruises of the same 
kind throughout a survey. It is possible 
that the stations will be numbered in a way 
which will coincide with haul numbers but, 
perhaps because of adverse weather conditions, 
the hauls will not be done in the 
quence. 



DBCGi RK1DITOS 



While msny areas are not covered by DECCA 
chains the appropriate readings from any 
such navigational aid should be inserted, 
prior to conversion to latitude and lon- 
gitude, fbr example, when a position is 
fixed by range and bearing from an identi- 
fiable point on land a space could be left 
where this information could be directly 
recorded, and the latitude and longitude 
checked from this entry* 



RBOKV 



This is used to classify the latitude and 
longitude into a major region which may be a 
combination of several smaller units such as 
statistical rectangles. If a survey area 
was divided into several strata fbr sampling 
purposes thorns strata could be coded prior 
to the survey, and hauls within each stratum 
could be recorded under this time as stratum 
At B, C etc. or whatever oode name Is 
vised. 
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55 Catch Information 

The reasons for conducting a fisheries survey are to obtain information on the distri- 
bution of the appropriate speoies and estimates of their abundances* In many cases several 
speoies will be caught during a haul, some in large quantities and others in small numbers* 
Where trawling or seining is the method of capture, frequently either a small meshed oodend 
is used or alternatively a oommeroial-sised oodend enclosed by a small mesh cover* It is 
useful if a cover is used to collect data on the catches of the normal oodend and the oover 
separately. 

In fishing operations there will be many occasions when large numbers of fish are 
caught and staff on board ship are unable to record information on all fish caught* Several 
publications (dulland 1966, Palohsimo and Dickie 1963 t Pope 1956) discuss the problems of 
sampling catches at sea* The essential element of a good sampling scheme is that it will 
yield an unbiased estimate of the sise and composition of the catch* After deciding the 
sub-sampling procedures to be followed (see Chapter 2) it is necessary to design a document 
for recording catch information which will ensure that the essential details of any sub- 
sampling done are easily recorded and that the final estimates obtained can be readily 
verified. 

The minimum requirement is to record an estimate of the numbers or weight of each 
species caught. Figure 12 illustrates how information on weight and/or numbers can be re- 
corded in a systematic way. This form contains a preprinted list of all the major species 
likely to be caught on a cruise in the Berth Sea* The total numbers caught of each speciei 
are then recorded in a defined way. Bach speoies also has a oode number which, in this in- 
stance, is used in subsequent data processing. 

However, without needing to await the output from detailed processing, it is compar- 
atively easy for the scientist in charge, at the end of the cruise, to prepare a preliminary 
report on each major speoies by summarising the information contained in these haul summary 
sheets without referring to the more detailed catch composition or biological data sheets* 
In exploratory cruises it may be difficult to make up a comprehensive list of all the speoies 
likely to be caught, but at the planning stage of a survey an attempt should be made to iden- 
tify the most likely speoies or families and a scheme drawn up so that the catch information 
can be recorded systematically. When a list of speoies, or species groupings, has been 
decided on, this should not be modified in subsequent cruises as doing so is likely to make 
it difficult or impossible to compare results of cruises done prior to the changes with those 
done subsequently* 

5*6 Recording Length Compositions 

Length composition data are usually collected on fisheries surveys mainly for the 
purpose of obtaining information on the population structure. Where age determinations are 
possible the length data are associated with the age data to separate the total fish popu- 
lation into year classes, or possibly into cohorts* 

Recorded length measurements are often a major part of the results collected during a 
resource survey. As .these are so important it is necessary to have well designed documen- 
tation both for recording at sea and for later processing* Figures 13 end 14 give illus- 
trations of different forms designed to satisfy Varying needs for different species* In 
this fishery there are about ten species which are examined in detail and where large 
samples are taken* ftnoh major species is recorded on a separate differently coloured 
coding sheet with related speoies -recorded on the front and back of the form* A prepared 
scale which will oover all possible length measurements for these speoies is included in 
the form* For some speoies the class interval is 1 cm while for small species such as 
many of the pelagios a class interval of 0*5 em is employed. 

It is necessary prior to a surrey to define what length measurement is required for 
each species, e.g. total length or fork length, and also the length class interval* In 
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statisties a olass interval 10 umudly categorised by its mid-point, i.e. the interval 
10^0 on to 10.999 OB baa a mid-point of 10. 5 and thin ie the value which ie ueed to 
calculate the Man length from the frequency distribution. In fiaheriea statistics it 
ia uaual to ham a olaee interval of 1 OB from say 11.0 ca to 11*999 OB but thia ie 
defined aa 11, i.e. the lower limit of the olaee. There are very good reaeone for doing 
thia aa olaeaee defined in thia way are more readily combined than classes which have 
non-integer end point e. The mort important point is that all personnel should be aware 
of the olaaa interval which ie employed ae a standard and that measurements should be 
taken accordingly. Many regional organisations have adopted standard methods of taking 
and recording length frequency data to facilitate the collation of information from dif- 
ferent countries or institutes* These standards should be observed by all countries in 
that region so that all analyses are done on compatible 



It is essential, too, to standardise the methods of recording frequencies from in- 
dividually measured or counted fish* There are several methods used, e.g. 




or a row of dots 



and a line drawn through them when a fifth observation is taken. Bach system has its 
merits but the last allows many more observations to be made in the limited spaoe pro- 
vided on the form; and joining two sets of five into an H form thus 



makes it simple to add up the numbers In tens* These specimen fbrms were designed with 
the last method of recording in mind and the vertical lines assist in sectioning off the 
recorded dots* 

On many oooasions it is not possible to measure all fish tajcen during a haul end 
sub-sampling has to be done* In section 2.8 the procedure for selecting a sub-sample of 
the catch was described. The importance of randoB selection of sub-samples for measure- 
ment cannot be too highly stressed. Taking a few fish for measurement from a catch in a 
pile on deck is highly dangerous beosase most people will tend to pick the larger fish 
which will in turn give a highly biased estimate of the else frequency distribution of 
the population* As described in section 2.6, in relation to allocating fishing positions 
within a survey area, one can also gain considerably in the precision of one v s estimate 
of the sise frequency of the fish in a catch by stratifying the samples of fish to be 
measured. So It is best when one has to sub-sample for length measurement, and when there 
is a considerable range in sise within the catch, to first sort it into baskets by sise 
groups. One then picks the required number of baskets within each sise group, at random, 
for measurement. The number of fish in each length interval In the total catch osa then 
be calculated by multiplying the number measured in that sise Interval by the appropriate 
raising factor. Suitable recording documents will make provision for this* Figure 13 
gives aa illustration of a fairly complicated recording* The quota for otoliths was five 
per OB length class and these have been taken i&anever possible and recorded. The fish 
caught were In three slse groups, (a) 2O-29 OB (b) 32-46 OB (o) above 46 OB* Within the 
available time it was not possible to measure all the fish so, after the fish were selec- 
ted by sise into several baskets, two baskets out of the fbur in the length range lass 
than 30 OB were examined. Of these fish 103 from each basket examined, were measured (of 
which 44 were otolithed) while 74 P*r basket examined were counted only* Similarly in 
the length range 32-46 am, four baskets out of seven ware examined and 92 psr basket were 
measured sad 34 per basket counted. Above 46 OB all fish- were measured. The recording of 
this information has been done systematically, and each part of the length range osa now 
be raised appropriately and verified, as all the information is there* For example in the 



haddock sample shown in Figure 13 t there were 37 fish 22 am long measured, of which 5 were 
alec otolithed. In the 20*29 on sise category a total of 206 fih were measured and 148 
counted from 2 baskets out of a total catch of 4 baakete of thie else category. Therefore 
the total oatoh of thie sise category WM 2(206 + 148) - 708 fieh. The raising factor for 
the eise frequency distribution of the fiah measured in thie eiM category ie therefore 

|f - 3.437. 

Multiplying the measured siM frequency distribution given in column 1 of figure 13 by thie 
factor t for sises between 20 and 29 cm, gives the Raised Total given in column 2, Similar- 
ly for haddock in the sise interval 32-46 cm the raising factor is 

7/4(368+ 136) - >OT 
** ' 



and for this sice category multiplying column 1 by the raising factor gives the frequencies 
in column 2. There was no sub-sampling of fish greater than 46 om f so the frequencies of 
these require no raising ffcotor. The RAISED TOTAL column now contains the estimate of the 
length frequency distribution of haddock caught in that haul and the (RAID TOTAL contains 
the total number of fish caught. This information can easily be checked and the RAISED 
TOTAL column is the required information which can now be further processed or combined 
with data from other hauls* It is worthwhile noting here the sub-totalling procedures 
whereby the total calculation is broke.n down into small parts each of which can more 
readily be checked by the officer responsible for verifying the data. As many of these 
calculations are done under conditions where elementary errors are easily made, checking 
procedures of this kind should not be disregarded, 

As another illustration. Figure 14 is designed to record data on lephrops norvegious, 
which is measured in millimetres* Here, information is required for males anX females """ 
separately and also for soft males (MS) and females (F8) and berried females (FB). Host 
of the Eephrops caught are in the range 10-54 but provision is also made for the smaller 
numbers likely to be caught in the range 55-70 mm. If a measurement over 70 mm was taken 
this could be included in the COMUBTS column, where also other observations can be made, 

The important point of such forms is that planning them, and having them prepared in 
advance of going to sea, not only reduces the work to be done there but also ensures that 
the data are collected and recorded in a standard way on all cruises, that all the essen- 
tial data for relating the sampling to the oatoh from which it was taken are recorded, and 
that all the details of the sub-sampling procedure are given so that the sub-samples can 
be raised to the total oatoh. Without such detailed and systematic recording it can be 
difficult to be sure that apparent differences between stations or between surveys are 
real differences, 

5.7 Biological Beta 

On many cruises detailed biological information is collected from samples of the fish 
caught* Again the sample should be taken in such a way that it is representative of the 
total oatoh or can be raised to an estimate representative of the total oatoh. Details of 
sampling procedures are discussed In section 2,8 and the main aim here is to provide an 
illustration of how the data which are collected can be recorded systematically, so that 
they can be collated with the appropriate oatoh data at the later analytic stage, 

The Biological Ssmpling Sheet given as Figure 15 illustrates a method of recording 
detailed Information on individual fish, The heading information vis. species, vessel, 
name, etc, , are all necessary to 111* this sample with the other oatoh data of uhloh thie 
may be only a small sample, it is also necessary to link this information with specimens 
preserved for more detailed biological analysis which is perhaps necessarily done en shore 
at the end of the cruise, 
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This specimen document allow, length, wight, sex, maturity and age data for each spe- 
<*** to be recorded and alao apeoifie. the unit, of meaeursment wherTappropriate! It 

of 



**__* - - . . - -77 ~- ~ ww*w, *. uv J..LVU ie MMttTSa 

first then weighed, its ssx and maturity are recorded and the soale or otolith sample taken 
to be preserved for examination at a later time. "PA *a*en 

fts requirement, of this form are self-explanatory and provision has been made for ., 
cording other information which may be considered neoessaxy. In addition, space has been 
left for adding general observations to qualify the actual recordings made. 

58 Recording Acoustic Data 

Rsoent advance, in aooustic techniques permit the acquisition of very large volumes of 
data which may be recorded on some magnetic medium such as a tape cassette or cartridge, or 
which may be summarised by digital read out from a computer. However, it is still neoessaz? 
in many instances to record information from less sophisticated echo sounder surveys in a 
way which will provide some quantitative assessment from thi area surveyed. 

Figure 16 illustrate, the type of information which could be recorded during an echo 
sounder survey. This provides a record, at fifteen minute intervals, of the information re- 
corded on a sounder. It is, of course, difficult to quantify exactly the traces given by an 
echo sounder, but prior to a cruise, staff should be trained in recording typical traces 
possibly ANNS photographs of several example, which occur frequently (see Chapter 3 and 
Forbes and Batten 1972). This should help to make the observations as compatible as pos- 
sible from observer to observer. 

This document, which was proposed for a regional fishery survey in the Arabian Oulf, 
between Iran and the Arabian peninsula, requires information to be regularly recorded, 
summarising events over 15 minute intervals. Most of the information is self-explanatory 
and should be compatible with that recorded in other cruise documents. In particular the 
sounder maks, type and frequency should be recorded and as far aa poasible constant settings 
which have been decided prior to the cruise should be used and recorded. The definitions 
given for recording the less obvious items arei 

a) Schools - these are dense discrete groups of echo recordings in which individual fish 
cannot be distinguished. 

b) Scattering layer - a more or less continuous layer of echo recordings in which in- 
dividual targets may or may not be distinguishable. 

o) Single fish - single targets which are not grouped into schools or layers. 



d) Vtamber counts of school, or single fish observed during a 15 minute recording 
period. 

e) Extent - the length of ths echo trace on the paptr recording should be measured in 
millimetres. 

f ) Depth - the average and the upper and lowsr depth limits should be recorded in metres* 

g) Tjrpe - identification of ths grade of scattering layer when a scale for typical re- 
cordings has been decided (see section 4.3*1.2). 
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6* DATA ANALYSIS AID RBPORTIVO 

In tha previous chapters an account has bean given of the techniques available for 
resource appraisal surveys, with indications of tha oiroumstanoes under which they are 
applicable 9 and guidance aa to how these techniques should be applied. These chapters 
dealt with what data ahould ba collected, and how to collect and record it* We are now 
concerned with how these data ahould be used to provide the answers required from the 
survey, and how the results should be paaaed on to those who will use them to direct tha 
future development cf tha fishing industry. 

In Chapter 1 the objectives of a fishery resource appraisal survey were defined aa 
assessing! 

1* the speoiaa of fiah available in the areaf 

2* their spatial distribution within tha survey area and how this varies seasonally* 

3* the oatoh rates that could be achieved, and how these vary seasonally and from 
place to place within tha survey areaf 

4* the aiae of the resource! 

5* the annual sustainable yield which can be taken from it* 

For the administrator or investor considering the development of a new fishery, or 
expansion of an existing one, the key questions aret 

(a) will tha new vasaala which are required oatoh enough to cover their operating and 
capital costs? 

(b) what is the total potential catch which in turn governs how many vessels will be 
required and how big tha investment ahould be in port facilities, processing 
factories, etc*? 

(o) what effect will the additional vesaela have on the fish stocks, and hence on the 
catches of existing vessels? 

The first question is always believed to be the key question in fishery development, 
as indeed it is to the individual investor* For the government administrator it can be a 
highly misleading onef to him the important question is the net addition to the total 
catch, or total national economy, i.e., the marginal yield of the new vessel* This is 
always less, and usually much laaa than ita actual oatoh in all but the moat lightly fished 
stocks (Oulland, 1968). 

The answer to tha first of these questions is dependent on the data to be provided 
from objectivaa 1*3 above* Objectives 4 and 5 will provide the data from which an investor 
or administrator will make his decisions on the second and third of these questions* 

We shall now look at how one provides answers to each of these questions using the 
data collected during the survey operations* 

6*1 Species Available and Their Seasonal and Spatial BLatribution 

In analyiing tha results cf tha purvey, objectives 1 and 2 can be conveniently con- 
sidered together as, to a large extent, they are different facets of the same parameter, 
namely an index of the relative abundance ef fiah on the grounds surveyed* Hie species of 
fiah available could, cf course, be simply listed by extracting from the catch records all 
species which have occurred on one or more occasions. Although much a list might be cf 
interest to scientists, it would be cf vey limited value to those interested in developing 
a fishery. Isolated captures of single specimens do not fora the basis of a fishery* So 
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or* quantitative records art required* Similarly the spatial and seasonal distribution! 
within the area surveyed abould be expressed in quantitative terms whioh will allow 
decisions to be made as to whether the area oan support an economic fishing industry, and 
if so on what species, over which months of the year, and in whioh parts of the total area 
such a fishery is likely to be most profitable* 

Although some indication of the answers to these questions may be obtainable from 
indirect methods and from aooustio surveys, the most directly applicable data are likely 
to be those obtained from fishing surveys* These oan be expressed in terms of catch psr 
unit effort which, if the effort unit is appropriately chosen, is an index of the popula- 
tion abundance in the area fished at the time when the fishing was done* Provided the 
fishing effort during the survey has been properly distributed in space and time, as dis- 
cussed in Chapter 2, the results from fishing surveys expressed as catch per unit effort 
oan therefore give a measure of the relative abundances of species within the area and of 
how these vary seasonally and spatially* Two factors, however, must be remembered in the 
interpretation of such data from resource appraisal survey ss (a) it is unlikely that such 
a survey, using a single typs of standard fishing gear, will sample all species of fish in 
the area surveyed - for example where all sampling is done ty demersal trawl, pelagic 
species will be poorly represented, if taken at all) (b) even within a single category of 
fish, such as demersal species, the catch per unit effort of the different species will be 
a different function of the population abundance, depending on the availability and vulner- 
ability of the spsoies to that gear* For example a low headline demersal trawl is likely to 
catch a larger proportion of the flatfish in its path than of the round fish* However, 
although such factors are likely to provide some bias in estimates of relative population 
abundances between spsoies they ere not likely to seriously biss estimates within a species 
of either the variations in abundance between seasons or between areas* 

In practice, to answer questions on the variation between seasons or bstween areas in 
fish abundance, the best measure, at least for demersal trawl surveys, is likely to be the 
catch per hour, or some other unit of time, fishing* This oan be readily calculated, for 
each haul taken on a cruise, from a recording sheet such as that shown in Figure 12 and 
mean values calculated to give a measure of the catch per unit effort within a ssason or 
within an area by appropriate groupings of the individual hauls* 

For pelagic species the best measures of variations in abundance, between areas and 
seasons, are likely to be obtained from acoustic surveys, with fishing by suitable gears 
to identify the species giving the returned echoes* Where the topography of the grounds 
or the behavioural characteristics of the species make it necessary to use other methods, 
such as traps, gill nets, eto*, the data oan be treated in the same way as for demersal 
trawl using unit of gear shot as the basic effort unit. 

6*2 Estimation of Potential Commercial Catch Rates 

The question of what catch ratss are likely to be achievable by a commercial fishery 
is of over-riding importance in deciding whether a new fishery should be developed or not* 
Catch rates oan be estimated directly only from prospecting surveys* A first estimate may 
be obtainable from fish concentration measured by aooustio surveys, and comparison of catch 
rates obtained from similar concentrations in other areas* But such estimates are likely 
to have very wide confidence limits because of differences in catohability bstween species, 
and within species between areas* The results of prospecting surveys should again be 
expressed in catch per unit effort* Although for demersal trawl catch per hour fishing is 
probably the best unit of abundance to use in measuring seasonal and spatial variation in 
population density, it may not be a measure of catch rate which Is meaningful to the needs 
of the fishing industry, or to fisheries administrators who are trying to assess the econo- 
mic viability of * potential fishery. Fbr this purpose Patch per day's absence from port, 
or absence over some longer time period, may be more appropriate* Data of this type ire 
not readily obtainable from the results of a resource appraisal survey because survey 
vessels will normally be changing grounds frequently, and making fewer hauls per day at 
than a commercial vessel. This can be corrected for if the likely number of hours 
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fishing per day a t Ma by a commercial vessel o*n be estimated from record* of similar 
commercial vessels operating in other areas* 

A greater bias in extrapolating from research vessel to commercial vessel results is 
likely to con* from the fact that in a commercial fishery the fleet will locate above 
average concentrations of fish and continue to fish on then until the catch rate declines; 
on a resource appraisal survey the fishing positions must be distributed at random in rela- 
tion to fish abundance at least within the defined strata, as discussed in Chapter 3, and 
the ship will do a fixed number of hauls at each position irrespective of the sise of the 
catch* Furthermore the gear selected for a resource survey is likely to be a multi- 
purpose one which will catch, reasonably efficiently, as many species of fish as possible* 
In a commercial fishery modifications are likely to be made to the design, or rigging, of 
the gear which will increase its efficiency in catching the species which gives the best 
economic return* But conversely these modifications are also likely to decrease its 
efficiency in catching some other species* Finally because of different demands on the 
time of, and in the motivation of, the crew of a survey vessel, it is very difficult to 
translate its performance, even with regard to fishing time, to what is likely to be 
achieved by a vessel fishing commercially* For these reasons although a resource appraisal 
survey will give a first estimate of likely catch rates of a commercial vessel, it will be 
a rather imprecise one and it may be desirable to mount a separate project to establish 
thess more precisely, if the first indications suggest that developing a fishery is likely 
to be only marginally economic* 

The catch of a fishing vessel is a function oft (a) its fishing power, (b) the time 
that it spends fishing, (o) the density of fish on the grounds it fishes* In translating 
catch rates from a survey into an estimate of the catch rates likely to be attained by a 
commercial fishery it is perhaps best to lock at these three parameters separately. As 
far as possible the survey vessel should be similar in engine power, si&e, and gear handling 
characteristics to the type of ship envisaged as being used in any fishery development* 
Studies made on fishing powers of demersal trawlers suggest that it increases linearly with 
engine horsepower and with gross tonnage* So even if the survey vessel is different in some 
respects, seme extrapolation can be made, provided the discrepancy between the survey vessel 
and the projected fleet is not tec wide* Similarly for lines, traps, and gill nets fishing 
power is largely a function of the number of units of gear which can be handled, and again 
a correction to the survey results can be made on this basis* For pelagic fishing gears, 
such as purse seines and pelagic trawls, the problem is rather more complex* For these 
there seems to be a critical sise, or tewing speed, below which the catch falls off very 
sharply* So extrapolation to smaller, cr lower powered, vessels and gear sixes may in 
those oases be highly misleading* A number of useful papers on problems in measuring fish- 
ing effort can be found in Pope (1973)* 

Fishing time can be fairly easily corrected for provided proper records are kept of the 
time the survey vessel spends in fishing, and provided data can be obtained of the likely 
time which will be spent fishing ty the commercial fleet. The latter can perhaps be obtained 
from the performance of similar vessels operating in other areas which are comparable in 
respect of weather, fishemen's behaviour patterns, etc. 

Differences in fish abundance on the grounds are likely to cause the greatest problems 
in extrapolating from the results of a resource appraisal survey to the operations of a 
commercial fleet* As discussed above this is because the commercial vessels will rapidly 
learn to concentrate their fishing effort on the most productive grounds and adapt their 
gear to maximise their catch rates of species which give the best economic returns* Any 
assessment cf this tram a survey vessel is likely therefore to be rather imprecise and to 
be below the value which will be achieved in ocnseroial practice* However the best approxi- 
mation which can be made from such survey data will probably be obtained by locking at the 
frequency distribution of the survey vessel catch rates and taking the mean cf the top half 
cf the range in a survey which has been carried cut to directly assess catch rates or the 

cf the top 10-20 percent cf the distribution in the case cf a resource appraisal survey- 
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It must always be remembered, and must b* pointed out in the final *urvey report, that 
the catch rates obtained during the survey refer to a virgin, or lightly exploited, resource* 
A* a fi*h*xy develop* the abundance of the stock, sad thu* the oatoh rate* which will b* 
taken by a vessel of constant fishing power, will decline. Following the *imple 3oha*f*r 
model the maximum *ustainable yield is taken when the stock is reduced to one half of the 
virgin bioma*** Thu* when the stock is being fished. at the maximum potential yield the 
oatoh rat** will probably b* about half of those attained at the *tart of the fishery* 

6*3 Standing Stock Si** 

The methods of estimating the sice of the stock in an area from egg or larval surveys, 
and from acoustic surveys have been fully discussed in chapters 3 and 4 In this section 
therefore we shall consider only the estimation of population size from exploratory fiahing 
surveys. 

From such fishing surveys using the type of gear appropriate to the speoies in 
question, for example, lines, traps, pelagic trawl* or purse seines, it may b* possible to 
get a relative measure of population sice which is useful in estimating change* in abundance 
with time* However for such gears it is not possible to convert these oatoh rates to 
absolute abundance, either because the area sampled by them cannot be measured - for example 
for lines br traps f or because, as in the case of pelagio gears, it is not practicable to 
ample in a three dimensional space with sufficient intensity to produce an estimate with 
acceptable confidence limits* 

For demersal trawls, however, it is possible tram the results of a properly planned 
survey to get at least an acceptable first approximation to the likely population sicei or 
at least of that part of the population which is available to, and vulnerable to, the trawl* 
Hie first requirement for doing this is to convert the oatoh taken in each haul into an 
estimate of the abundance of fish per unit area where this oatoh was taken by calculating 
the area swept by the trawl* 

Once this is known, then the density of fish, that is the weight per unit area in 

*r** j (D ) is given by* 

J 

where q. is the oatohability coefficient (Paloheimo and Dickie, 1964) that is the proportion 
of fisfcrin the area ewept by the trawl which are caught by it 

G . is the catch in weight taken in hauls in area j 

a. is the area of bottom swept by the trawl hauls made in area j* 

If the total area of sea bottom in area j is A, then the weight of the fish population 
P. in that area ist J 



This procedure will give only an approximation to the true population sise for a 
number of reasonst (a) the area effectively swept by the trawl i* not easily estimated) 
it is likely to be greater than the product of the distance over which it was towed and 
the spread from wing tip to wing tip because of the herding effect of the sweeps but is 
likely to be Is** than the distance towed multiplied by the distance between the trawl 
door* because the sweepe are not likely to be 100 percent effective in herdingf (b) q, 
i* also difficult to estimate because it is an Malgsm of several factors* In the firit 
place it must correct for that proportion of the population which is not available to the 
trawl because it is distributed above the headline, or buried in the sea bed beyond the 
effective rang* of the footrope. Secondly it must take account of the fact that all of the 
fish within the volume actually swept by the trawl will not b* captured because sea* take 
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tvasive motion* Thirdly, all of ths fish which enter the trawl mouth will not bo retained 
booauM of mesh selection. 

As a firot approximation ono oan assume that q. ia equal to 1.0 to give a lower limit 
of tho sic* of that proportion of th* atook which is large enough to bo retained fcy the 
trawl* For fish of a sis* smaller than this, bat within th* Mlootion range, a correction 
oan bt mad* to allow for escapee through tho meshes from a knowledge of tho selection para- 
meters* It should bo notod that ainoo q^ ia unlikely to bo am high as 1*0 this will always 
give momio under estimation of tho mtook lad svsiy opportunity should bo taken to refine this 
estimate of q . from any kaowlodgs available on ths vertical distribution of ths species undsr 
consideration, and of its behaviour in front of a trawl. For example, useful information 
ma/ bs obtained on ths ooourrsnoo of fish abovs ths hsadlins of ths trawl by running ths 
echo-sounder during trawling operations* 

It will bs notsd that in aquation 2 abovs ths assumption is mads that ths abundanos 
of ths stock, within ths arsa a. swspt by ths trawl, is an unbiassd sstimats of ths abun- 
danos psr unit arsa ovsr ths whftls of arsa j UJ. In this context it is thsrsfors 
important to pay particular attention to ths adtioo givsn in Chaptsr 2 on sslsotion of 
trawling positions, flic prsoision of ths sstimats P, will also bs dspsndsnt on ths varianos 
of ths sstimats of ths abundanos in a, and therefore j the advice on ntratifiad random sampling 
givsn in that ohaptsr should bs followed to rsduos ths random srror of ths sstimats* If suoh 
a stratifisd sampling sohsms is followsd ths sstimats of ths population ovsr ths whols of 
ths survey arsa is most accurately calculated by estimating P^ for each stapling stratum and 
summing them. Then, if one has n strata in ths total survey arsa ths estimated population 
weight in ths arsa is y P j - 

1' 

.and ths varianos of this estimate will be 




It should bs notsd that the advioe givsn in Chaptsr 2 on choosing alternative positions for 
trawling in the event of one or two of the pre-eeleoted positions being unworkable because 
the bottom is too rough, will not affect the accuracy of the estimate provided the number 
of suoh positions is small. If, however, a major part of one of ths strata proves impossible 
to trawl in one would bs likely to get a very biased estimate of ths abundance in that 
stratum ty trawling only in ths small arsa where this is possibls and weighting ths result- 
ing catches by the total arsa of the stratum. Instead, if a large part of a stratum is 
untrawlable, all one can do is to weight ths oatoh from that stratum by ths area which is 
trawlabls and accept ths fact, and males it clear in ths report that one's estimate of the 
total population is underestimated to some extent ty the omission of the untrawlable area* 

6*4 Estimation of Potential Yield 

In practice an estimate of stock sise, as so many tons of a species present in the 
survey arsa at one period of time, is unlikely to bs of such intsrsst to the non-scientists 
who commissioned ths survey. His administrator, or someone who is considering investing in 
developing a fishery, really wants to know what the potential sustainable yisld is from this 
stock, in other words how such they oan expect to take from it each year on a long-tern 
basis* This is determined not only ty ths absolute sise of ths exploitable resource but also 
1^ its turnover rats* Bis lattsr in turn is dependent on ths life-span of the individual 
fish and ths rats at which those dying are replaoedf the shorter ths lifsspan and ths 
quicker the replacement rats the higher ths proportion of ths stock which oan bs taken from 
it as oatoh* 
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The estimation of tha Biz* of the standing stock therefore is for most practical 
purpoaaa an intermediate atap in estimating the annual sustainable yield* In tha case 
where a atook is not yet being exploited commercially this oan be calculated from survey 
eatimataa of tha virgin atook biomaas. In Qulland (197Q) it has been ahown that if one 
atarta with either the simple Schaefer (1954) model, in which tha maximum yield la reached 
when the biomass ia reduced to half the virgin level, or uaea tha Beverton and Holt OOBH 
atant recruitment model the maximum sustainable annual yield (T MV ) can be estimated aat 

Y MV - 0.5 XB O where N - natural mortality rate and B Q - tha virgin (unexploited) 
biomaae of the exploitable stock. 

To calculate the yield from this aquation demands not only an estimate of tha aiae of 
the virgin atook, which oan be obtained aa described in tha preceding aecticn but alec an 
estimate of the natural mortality rate of this atook* This oan be obtained from a variety 
of sources - from the relationship between natural mortality and maximum age in tha virgin 
population (Figure 17 )l frosi the relationship between H and the growth coefficient K 
(Beverton and Holt, 1959), from the natural mortality rate of a closely associated apaoias 
whose natural mortality rate ia known, or from a catch curve (Baranov, 1918) derived from 
biological sampling of the virgin population* 

The relationship between maximum age and natural mortality rate ahown in Figure 17 is 
perhaps the eaaieat of these methods to apply as it demands no more than projecting from 
the age of the oldest fish, of the spaoiaa in question, encountered during the survey to 
the regression line and reading off the corresponding natural mortality rate on the Y-axis. 
For example, using this relationship a population with a maximum age of 10 years would have 
an estimated natural mortality rate of about 0.25. However, the maximum age on the X-axis 
is the greatest age which the fish in the population reach and fish of this age may not be 
represented in the survey catches, either because they are distributed outaide the surveyed 
area or in a different depth stratum to that fished by the gear used or because of lower 
vulnerability to the gear used. Also, the oldest fish will be very rare and therefore may 
be abaent from the survey catches owing to chance alone* 

Beverton and Holt (1959) have shown that within certain groups of fish (clupeoids, 
gadiforms, salmonida, pleuronectoida) there is a roughly linear relationship between the 
natural mortality rate and tha growth ooeffioient K of the Bertalanffy growth equation* 
Having a known K value for a species within one of these groups, one oan accordingly get 
an estimate of tha likely N value* However, this method is likely to have rather limited 
application in survey aaaeasment bacauae tha majority of the apeoies encountered will 
often be outside the groups for which the relationahip ia known and because in only a few 
cases will there be sufficiently accurate estimates of the K value appropriate to that 
species. 

In an unexploited population estimates of tha abundance of successive age groups at 
any one time, for example estimates of their abundancea in one year or of their mean abun- 
dances over tha same period of several years oan be used to provide an estimate of the 
natural mortality rate provided there ia not too great variation in year-class strength* 
To try to minimise the effects of year-olasa strengths on tha mortality estimate the beat 
technique, particularly whan the abundance estimatea are based on only a short period of 
years, ia to plot tha abundance estimatea of aga groups on aemi-logarithmic paper against 
the corresponding ages in yeara. A straight Una is then fitted to tha points and tha 
slops of this is an estimate of tha Mortality rate. As the atook ia unexploited this is 
equivalent to the natural mortality rate* The abundanoesof age groups used in this plot 
oan be either absolute values* obtained as diaouaaed ia section 6*3, or mean catch par 
unit effort values* Che only thing that mattera is that they are in the seas units for all 
ags groupa* . ..<, 

Figure 18 shows a sat of artificial data of thia aort. The abscissa is designated "age 
or time 11 because the abnnrtance indices on the ordinate oould refer either to the same year- 
class in auooeaaive years or to all the fully recruited age groupe preeent in the catch in 
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one year. Age croups not yet folly reeruited weuld appear as anomalously low values on the 
left-hand part of the curve* where such values appear, they ahould of course not be in- 
cluded in the regression. In this case the fitted regression line has a slope of -.62, so 
the estimated instantaneous mortality rate is .62. The standard deviation of the estimate 
is .25, large but not unusually so for this method. 

Estimates of natural mortality from any of these sources are likely to be rather 
imprecise. Allied to the lack of precision in the estimate of the virgin stock biomass, 
discussed in the preceding section, this will result in the estimate of sustainable yield 
from the Sohaefer equation being indicative of a likely order of magnitude rather than an 
accurate figure on which long term planning should be based* However, even such a rough 
estimate would probably be sufficient to show whether there is the potential for initial 
development of a fishery, and on what scale plans for medium term development should be 
made. Once a commercial fishery is started, estimates of sustainable yisld can be refined 
using the much greater sampling capability of the commercial nest and the analytical 
models of Beverton and Holt (1957). The subject of assessment frost suoh data is outside 
the scope of this manual but a good introduction to it will be found in dull and (1969). 

6.3 Presentation of Results 

It has been repeatedly stressed throughout this manual that resource appraisal surveys 
are mounted with the practical objective of assessing what resources are available in the 
area, what catch rates can be achieved Iqr fishing them, and what annual yisld can be taken 
as a guide to those who are interested in developing a fishery. However good the answers 
to these equations, the survey will not achieve its objectives unless the results are made 
available as quickly as possible, and in an understandable form, to the people who will act 
on them, be they administrators, fishing companies, or fishermen. 

Different users are likely to require different types of reports. If there is already 
sons fishing industry in the area, even at a low level of development, information obtained 
on high catch rates within the fleets 9 range of operation should be tranmsitted to it by the 
quickest possible means, before the distribution changes, or the concentration disperses. 
For the administrator and the fishing industry which is contemplating investment regular 
progress reports are desirable as a guide to the planning of their investment, even if the 
answers are at that stags somewhat tentative. 

The final report, which will contain a detailed analysis of seasonal and spatial 
distributions and estimates of stock sices and potential yisld* can be prepared only after 
the ssa work has been completed. The time lapse between completing the ssa work and sub- 
mitting this report, however, should not be unduly increased by searching for more refined 
estimates. Otherwise investment may have gone ahead too fast for the resource to be 
capable of supporting it, or alternatively potential investors may lose interest. Finally 
the reports should be prepared in as attractive and readable a form as possible, an adequate 
number of copies produced, and those distributed to all of the potential users. 
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7* CONCLUSI<S AND GENERAL CONSIDERATIONS OH CHOICE OF SURVEY METHODS 

Fisheries resource surveys are conducted with the practical aim of providing the sort 
of information needed to Bate sound decisions on whether to etart a new fishery on a 
resource whioh is not being fished, or to develop farther a fishery which is currently only 
exploiting the fringe of the distribution of a resource* The two major questions whioh 
arise in making such a decision and whioh a resource survey can answer aret, 

(a) are the oatoh rates of the ships whioh will be required for the new or expanded 
fishery likely to be high enough to make the fishery economical? Included in this 
question are woh factors as the species composition of the catches, the distribution 
of the fish within the survey area, and how the distribution and the oatoh rates vary 
seasonally and from year to year* All of theme have an appreciable impact on any 
assessment of the economic viability of a fishing fleet and on a decision as to where 
the fleet should be based* 

(b) what is the long-term annual sustainable yield of the resource likely to be? The 
answer to this is vital in deciding how big a fleet will be required to exploit the 
resource and on what scale the infrastructure of harbour facilities, processing 
facilities and distribution network for the final product will be required. 

As has been stated earlier therefore the questions whioh the survey has to answer 
are i 

(1) what type of fish are available in the area? 

(2) what is their distribution within the area and how does this vary seasonally and 
from year to year? 

(3) what catch rate can be made and how does this vazy seasonally and within the area? 

(4) what is the sice of the resource and what annual catoh can be taken from it on a 
sustained basis? 

Before aqy survey is planned to answer all or any of these questions as full a 
review as possible should be made of what is already known of the ecology of the area and 
of the fish stooks in it and in adjacent areas* Zt is in this context that the indirect 
methods discussed in Chapter 4 are likely to have their application* Any data already 
available on primary production, secondary production, abundance of fish eggs and larvae 
or food of higher trophic forms should be utilised to make a first rough estimate of the 
likely size of fish resources in the area in question* These data and other no n- fishery 
information can be particularly valuable in indicating whether or not there are likely to 
be large yeai*-to-year differences in the distribution or abundance of the fish stocks* 
It may be that such data would suggest the area has little potential for fishery develop- 
ment, in whioh oase this should be brought to the attention of the body whioh is authoris- 
ing the survey* They may then decide not to proceed with the project - that decision is 
theirs but they should make it in the light of the best available information. In most 
circumstances it is not advised that the collection of data appropriate for application of 
soy of the indirect methods should play a major part in the survey operations* 

Although a "resource appraisal survey", as defined in Chapter 2, can provide some 
estimate of likely oatoh rates, they are normally rather imprecise and often biased 
estimates* If the estimates from this source are clearly well above, or well below, the 
level required for economic viability of the fleet such estimates would be quite adequate* 
However, if the level required to make a fishery economical falls within the confidence 
limits of such estimates, or is just outside them, it would be advisable to mount a pros- 
pecting survey to get more adequate measures of catch rates. The essential point is that 
resource appraisal surveys and prospecting surveys, because they demand quite different 
survey strategies, are not completely compatible* Resource appraisal surveys by appro- 
priate usage of the data, can provide some rough estimate of oatoh rates whioh may, or 



-75- 



nay not, b* sufficient to make * decision on th* initial development of a new fish*ryf 
pro*p*oting surveys oan n*v*r produce usable estimates of *ith*r th* relative or absolute 
is* of a resource and of th* sustainable yield from it* 

So, in th* tarty stags of survey planning a decision will have to b* mad* as to whioh 
of th* two objectives, assessing oatoh rates accurately or assessing th* potential yi*ld t 
greatest priority ahould b* givsn* This in a d*oision whioh will largely r**t with th* 
body authorising th* surv*y bat th* biologist who is to b* responsible for it should explain 
th* option*, and th*ir oon**qu*no*s, fully and obj*otiv*ly. Normally a r**ouro* appraisal 
urv*y will giv* answers to more of th* basic qusstions whioh ar* likely to ari** but if 
this option i* oho**n it should b* pointed out that it nsy b* n*o***ary to mount, in 
addition, a prospecting survey whioh oan th*n probably b* don* with less input of effort 
b*oaus* th* information ooll*ot*d on th* appraisal survey will b* utilized to guide it* 
d**ign* 

If it is agr**d to undertake a resource appraisal survey, th* survey method to b* 
us*d must b* decided. Again this should b* don* in th* light of what infomation is avail- 
able of th* exploitable stocks available in th* area - for example, ar* they entirely or 
predominantly p*l*gio or demersal and if they ar* demersal, ar* they distributed on ground 
whioh is suitabl* for or too rough for trawling? If th* information available is inadequate 
to make a decision on th* most appropriate survey technique, some pilot study should b* 
carried out immediately, for example ty doing a quick acoustic survey over th* area combined 
with trawling on area* of suitabl* substrata to assess the distribution of suitabl* trawling 
grounds, what fish and in what abundance ar* available on these grounds and what is th* 
distribution of fish off th* bottom* 

If in th* light of available data, or of th* results of a pilot survey, it is decided 
that th* major resource is demersal fish and th* area is generally trawlable, a fishing 
resource appraisal survey using a demersal trawl will be most appropriate. Except for 
acoustic surveys using sophisticated equipment in favourable circumstances, this is the 
only method whioh will supply a measure of th* absolute abundance of th* resource and hence 
of th* sustainable yield from it* To get such a measure from a trawling survey, and to get 
adequate measures of species composition, and variability in abundance over the area and 
between seasons, it will b* necessary to cover th* whole of th* area with trawling stations 
distributed a* advis*d in Chapter 2 and repeat th* survey as frequently as possible at 
different times of th* year. It must also b* stressed that for resource assessment such 
a survey must cover th* total distributional area of a stock* If part of th* resource is 
composed of highly migratory sp*cies (tuna, mackerel, etc.;, a survey in a localised area 
will giv* no real measure of th* sis* of th* stock and of th* potential yield from it* The 
yield within th* survey area in that case will b* dependent not only on the sis* of th* 
stock, whioh oan only b* estimated from a survey over th* total rang* of its distribution, 
but also by th* exploitation rat* outside th* survey area and th* migration pattern of the 
stock. 

If th* available data suggest that pelagic species ar* likely to be a dominant part 
of th* exploitable r*souroe then th* choice of survey method is likely to b* an acoustic 
on* with fishing by pelsgio trawl or purs* seine chiefly to identify th* species whioh 
giv* th* returned signals and to provids biological infomation on length composition, age, 
to* of th* stock. The choice of whioh of th* acoustic survey techniques, described in 
Chaptar 3, to apply will b* largely determined by th* equipment, and technical expertise of 
th* staff, available If possible an echo integration method is normally preferable. Tne 
am* conditions, disouss*d in th* previous paragraph, as regards th* need for proper survey 
dssign apply to acoustic surveys a* to fishing surveys. 

Th*r* i* a natural t*nd*noy on research vessel surveys to overload th* programme with 
too many objectives, with th* result that there is neither enough ship time nor scientific 
staff to collect all th* data required adequately. Ho data should b* collected th* us* of 
whioh i* not clearly for*se*n and whioh does not fit into th* plan for achieving th* survey 
obj*otiv*ml A* disoussod in Chapter 2, an ess*ntial feature of good cruise, or survey, 
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plaaning is to dtoidt tht priority cbjtotivts and to dtfint what data havt to bo oollootod 
at taoh otatioa and how aany otatioaa ham to bo workod to aohitrt thoao objtotivts, OB 
thia basis oat can then dooido how long tht thip haa to bo at aoa and how many aoiontifio 
ataff aro rtquirtd to do thia work* It ia always a wiao prtoauticn to Itart toat aargin of 
trror to covtr auoh tvtnts ao bad woathor 9 minor ahip dofoota or illntss aaongst tho ataff* 
Only if tho tiM and ataff anilablt art apprtoiably abort this tstiaattdrtquirtfttnt should 
lowtr priority objtotivtt, auoh aa Iqrdrography,' plankton aamplinct tto*, bo inoludtd in tho 
program* Tht ttstntial rtquirtatnt on any ticploratory fishing turrty ia to ssaplt at 
wffioitnt positions to giro an adoqpatt oovoragt of tht survty arta and to itasurt aoourato- 
ly tht sist of tht oatohf ita sptoits ooaposition and tht Itngth and agt ooaposition of tht 
oat important sptoits from taoh haul* Thtst art tht basic data rtquirtd to carry out tho 
asstssBtnts dtsoribtd in Chapttr 6* 

Finally, tht iaportanot of tysttaatio, aoourato rtoording and timtly rtporting of all 
data oollootod during a sunrty, aa disouastd in Chapttrt 5 and 6 f mat bt atrtaatd* A wtll 
ocnduottd sunrty ia quitt ustltss if tht data art'inaoourattly rtoordtd, if thty cannot 
substqutntly bt idtntifitd to tht data and position at which thty wtrt oolltottd, or if 
thty art substqutntly lost duo to a poor filing tystta* 



